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Résumé : Contexte. Chez l’homme, la mise en 
bouche d’un aliment est l’étape ultime de la chaîne 
alimentaire et le début du processus de dégradation 
et de digestion. Avec l’âge la santé orale évolue et 
peut parfois rendre l’acte alimentaire difficile. 
Objectif. L’objectif de cette étude est de 
déterminer les facteurs (salivaire, dentaire, 
musculaire) impactant sur les dimensions 
physiologiques (faculté à former un bol 
alimentaire, libération et perception de la flaveur) 
de l’acte alimentaire et/ou la prise alimentaire et la 
corpulence des séniors. Ceci permettra de 
d’identifier des techniques culinaires permettant 
d’adapter la texture des aliments aux problèmes 
bucco-dentaires.  
Matériel et méthode. 108 séniors (>65 ans) vivant 
à domicile et ne présentant pas de pathologie 
chronique ont été recrutés et caractérisés sur la 
base des dimensions suivantes : santé orale  

(examen clinique), auto-évaluation de la santé orale, 
perceptions sensorielles, faculté à former un bol 
alimentaire, comportement alimentaire, état de santé 
général. En parallèle, des techniques culinaires 
permettant d’améliorer la texture de la viande ont été 
testées. Leur efficacité a été évaluée via des mesures 
rhéologiques et la perception du confort en bouche par 
les séniors eux-mêmes.  
Résultats et conclusion. L’analyse multidimensionnelle 
des données montre que les facteurs de santé orale 
(dentition, salivation, force musculaire) jouent des 
rôles différents dans les processus de mastication et de 
prise alimentaire chez les personnes âgées. De plus, 
l’étude du confort en bouche a permis de sélectionner 
des techniques culinaires optimisant la tendreté et la 
jutosité de la viande. Ces résultats permettront de 
développer une offre alimentaire adaptée aux troubles 
oraux survenant avec l’âge. 

 

 

Title :  Impact of oral physiology of elderly people on their food consumption; what solutions can be found to 
maintain nutritional status? 

Keywords : elderly people, oral health, food behavior 

Abstract :  Context. In human, oral food intake is 
the ultimate stage of food supply chain and the 
beginning of food disintegration and digestion 
process. During aging, the oral health changes and 
sometimes eating food can be a real challenge as 
food can be hard to masticate, humidify or 
swallow. 
Objective. The aim of the present study is to 
determine which oral factors (salivary, dental, 
tongue strength) have an impact on physiological – 
ability to form a food bolus – and psychological – 
pleasure to eat – dimensions of food oral 
processing in order to select culinary techniques 
and help elderlies maintaining an appropriate 
protein intake in spite of the occurrence of poor 
oral health. 
Material and method. Resting and stimulated 
salivary flow, oral status, the ability to form a food  

bolus, the pleasure induced by food consumption and 
the nutritional status were measured on 108 elderly 
people (65-92 years old, living at home, with no acute 
pathology at the time of the study). In parallel, culinary 
technics that aimed at improving meat texture were 
developed and evaluated throughout physical 
measurements and oral comfort assessment by the 
elderly volunteers.  
Results and conclusion. Multivariate analysis 
highlighted the fact that oral factors (salivary, dental, 
muscular) play different roles in food oral processing 
and eating behavior in elderly people. Moreover, the 
assessment of oral comfort on the culinary technics 
showed that some technics improve significantly meat 
tenderness and juiciness. Those results will help the 
development of food offer tailored to elderly people 
with or without oral health impairments. 
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INTRODUCTION 

The proportion of elderly people in the world is growing rapidly. Representing 8.5 

percent of the worldwide population in 2016, the elderly population should reach 17 

percent by 2050, that is to say 1.6 billion people (He et al., 2016). Although people are 

living longer in most developed countries they are not necessarily living healthier, which 

will lead to several public health challenges in the coming years.  

One of those public health challenges which is already encountered in developed 

countries is malnutrition. Malnutrition is the result of a physiological decline in food 

intake, which leads to an imbalance between nutritional needs and nutritional intake. 

This imbalance can be due to several causes, mainly related to socioeconomic status or 

functional ability (Evans, 2005). Widowhood, an income decrease, lack of cooking skills, 

oral health impairments, acute pathology, depression or even hospitalization could be 

some of the reasons causing the imbalance. When elderly people eat less than required 

due to one or several reasons cited above, they lose weight and their muscle mass 

decreases rapidly. Malnutrition also causes immune deficiency thus increases the risk of 

infection or an aggravation of existing disease, those consequences are represented in 

the “spiral of malnutrition” established by Ferry (1993) (Figure 1). 

 

Figure 1. The spiral of malnutrition 
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Keeping in mind the causes of malnutrition, the development of products specifically 

tailored for the elderly population seems essential and is one of the World Health 

Organization’s recommendations for facing the specific health challenges of the 21st 

century, caused by the ageing of the population. The question of what the needs are of 

elderly people, in terms of food products with optimized nutritional and sensory values 

in order to permit longer life and better ageing without deficiencies, is therefore of 

crucial importance. 

The AlimaSSenS project was born in this context. AlimaSSenS is a large and highly 

integrated project whose main objective is to develop and provide a food supply 

specifically adapted to elderly population (>65 y/o) living at home. The project aims at: 

- Understanding the impact of oral health impairments due to ageing on food oral 

processing and their consequences on eating pleasure and bio-accessibility of 

nutrients using in vivo and in vitro approaches; 

- Developing a food supply adapted to the food oral processing capacities of the 

elderly and still considering meal and purchase practices of this specific 

population. Three product universes are investigated in the project: meat-based, 

cereal-based and dairy products. 

To reach its objectives, AlimaSSenS proposes a multidisciplinary approach associating 

expertise in odontology, physiology, sensory evaluation, consumer behavior, nutrition, 

epidemiology, data mining, food process, sociology and economy. AlimaSSenS is a 

public-private collaborative research project involving 10 academic and 4 industrial 

partners as well as a network of technical centers represented by 1 technical center. 

The project is divided into 4 work-packages, each of them having a specific objective. 

The fourth work package is dependent of the first three as it will take into account the 

results of the preliminary steps (Figure 2). 
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Figure 2. The AlimaSSenS project 

The present thesis is part of the AlimaSSenS project and more specifically integrated 

into the work-package #1 (WP1) i.e. understanding the impact of oral health 

impairments due to ageing on food oral processing and their consequences on eating 

pleasure as well as food and nutrient intake. 
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CHAPTER 1: SCIENTIFIC CONTEXT 

In order to understand the non-negligible effect of ageing on food oral processing, it is 

important to identify the oral components that are implicated during food oral 

processing that are impacted in ageing. This chapter is divided into three parts. The first 

topic of interest will be mastication, with a focus on its alteration due to ageing and the 

impact of an altered masticatory function on food perception; as well as food and 

nutrient intake. Second, the salivation function will be developed focusing on the impact 

of ageing on salivation and its consequences on food perception; as well as food and 

nutrient intake. Finally, the deglutition will be examined with a focus on its alteration 

due to ageing and the impact on food intake. 

1. MASTICATION 

The masticatory apparatus has an essential role in food breakdown as it is a key for the 

formation of a food bolus ready to be swallowed (Mioche, 2004). Firstly, every tooth has 

a specific role in food breakdown, as the food is cut with the incisors or the canine teeth 

when presented to the mouth, then it goes into the back of the mouth to be chewed and 

sheared by the molar teeth. Altogether, the number of teeth in the mouth are 32, 16 in 

each jaw, and the combination of all is necessary to breakdown the food properly. 

Secondly, every tooth is connected to periodontal mechanoreceptors that signal 

information about tooth loads in a temporal, spatial and intensive aspect. These 

mechanoreceptors are located in the ligaments that attach the tooth root to the alveolar 

bone, among the collagen fibers, and have a role of regulation of the muscle activity 

(Trulsson, 2006). Trulsson and Johansson (1996) have studied the involvement of the 

periodontal mechanoreceptors on the control of jaw muscles during biting and chewing, 

and have shown that these receptors have a fine motor control of jaw actions associated 

with biting and the chewing of food. Finally, mastication is also the result of successive 

and coordinated muscle movements. Four pairs of muscles, which are located in the jaw 

area, operate during mastication: the masseter, the temporalis and the medial pterygoid 

– responsible of the closing mouth movement - and the lateral pterygoid muscles 

responsible of the mandible opening (Wood, 1987). Those muscles conduct jaw 

movements by generating forces, which are controlled by the central nervous system. 
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1.1. IMPACT OF AGEING ON MASTICATION  

It is well known that ageing has an impact on the different apparatus of masticatory 

function. Indeed, many elderly people are exposed to loss of teeth, the need for dentures 

or a decrease in muscle strength, which might induce some changes in masticatory 

pattern.  

1.1.1. TOOTH LOSS 

Tooth loss is a common oral impairment that occurs during ageing. According to a 

German National Surveys on oral health published in 2006 (Micheelis and Schiffner, 

2006), the most frequently lost teeth are the molars followed by the maxillary premolar 

and front teeth. Regarding the prevalence of edentulism, an average of 18 remaining 

teeth was noticed in a US survey among an elderly population aged between 65 and 69 

years (Carlos and Wolfe, 1989). In France, 35 % of 65-79 year olds and 56 % of over 80 

year olds claim they have lost all or roughly all their teeth against 11% in 40-64 year 

olds according to a national survey conducted by the CREDES (Auvray et al., 2003). 

Studying the younger segment of the elderly population, the DMS IV cross-sectional 

study conducted in Germany evaluated the edentulism up to 22.6% among the 65-74 

year old elderly people (Hoffmann et al., 2006). Many studies have shown that elderlies 

with few remaining teeth have a different biting and chewing behavior than the dentate 

elderlies (Steele et al., 1997; Savoca et al., 2010; Akpata et al., 2011). Steele et al. (1997) 

have indeed highlighted the fact that having 21 or more natural teeth was related to the 

absence of eating problems. However, more than the number of teeth, recent studies 

have focused on the number of occlusal contacts which represent the pairs of posterior 

antagonist teeth that have at least one contact area during chewing (Leake et al., 1994; 

Kikutani et al., 2009; Ikebe et al., 2012). Several authors showed that masticatory 

performance was significantly associated with posterior occlusal contact. In the study 

performed by Leake et al. (1994), 338 older volunteers were recruited in order to 

evaluate the social and functional impact of tooth loss. The volunteers were divided into 

5 groups according to their number of functional unit and their dentition status. Their 

chewing ability was assessed throughout a questionnaire. The results showed that 23% 

of the elderly subjects having 0 to 2 pairs of occluding teeth declared taking longer to 

chew food while none of the elderly subjects with 8 pairs of occluding teeth did. Ikebe et 

al. (2012) adopted a similar strategy by recruiting 1274 older volunteers (mean age of 
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66.2 year old) and stratifying them into 3 groups according to their number of occluding 

pairs of posterior teeth (Group 1: 4 zones with occlusal contact; group 2: 1-3 zones with 

occlusal contact; group 3: no occlusal contact at all). In order to measure the masticatory 

performance, the concentration of dissolved glucose from a masticated gummy jelly was 

calculated. The results highlighted a decrease in masticatory performance in the groups 

with less occluding pairs of teeth. Considering that the first group had a masticatory 

performance of 100%, group 2 showed decreased masticatory performance of 19% and 

group 3 of 50% compared to group 1. Kikutani et al. (2009) recruited 268 older 

volunteers classified into 2 groups (presence or absence of posterior occlusal support by 

natural teeth) to evaluate masticatory performance using a color-changeable chewing 

gum. The volunteers were asked to chew the gum very hard for 3 minutes during which 

the chewing rate and tongue movement were evaluated; then the gum was collected and 

analyzed using a colorimeter. The results showed that the average chewing rate was 

higher in group 1 (with posterior occlusal supports) than in group 2 (no occlusal 

support left). Furthermore, the indicator of masticatory performance was greater in 

group 1 than in group 2. Looking at the results of these three studies, it is clear that no 

matter which method is used to measure masticatory performance, the results are 

positively correlated to the number of remaining occluding pairs of teeth. 

1.1.2. WEAR OF DENTURE 

While some elderly people decide to overcome tooth loss via dental care (i.e. denture 

fabrication or implants set-up), others decide to live without replacing the missing teeth, 

thus leaving empty space in their mouth. Even though wearing dentures improves 

masticatory ability compared to edentate elderly people, some elderly people do not 

wear well-adapted dentures; which could lead to chewing impairments. Some studies 

have indeed shown that the masticatory performance was poorer in elderly wearing old 

dentures – i.e. dentures judged to be changed by dentists – compared to elderly people 

wearing new devices. Asakawa et al. (2005) recruited 32 elderly volunteers to evaluate 

the impact of new removable partial dentures on masticatory functions. Each of the 

volunteers received new removable partial dentures at the beginning of the study. The 

masticatory function was assessed using a colored wax cube and asking the volunteers 

to chew the wax cube for 10 strokes then spit it out for image analysis. The results 

highlighted a significant increase of masticatory ability with new removable partial 
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dentures compared to the old ones. In line with those results, Ishikawa et al. (2007) 

evaluated masticatory performance in elderlies with new or old dentures using the color 

changeable chewing-gum. The results showed that masticatory performance tends to be 

better for new denture wearers compared to old denture wearers. Furthermore, 

throughout a patient satisfaction questionnaire, the authors highlighted the fact that 

new denture wearers are significantly more satisfied by their denture compared to the 

old denture wearers. However, it should be pointed out that wearing a prosthesis may 

partially restore the masticatory function. Sato et al. (2003) evaluated masticatory 

ability of fully dentate, denture-natural dentition and fully denture wearer elderly 

volunteers using the colored layers paraffin wax cube. The results showed that 

masticatory ability is significantly different between the three groups, the best 

performance being the group with natural dentition. In line with those results, 

Mishellany-Dutour et al. (2008) evaluated the masticatory performance of dentate and 

full denture wearer elderly volunteers, asking the volunteers to chew two different 

foods: raw carrots and groundnuts. The particle size of the food boluses were measured 

by a sieving method; the number of cycles and the sequence duration were measured 

during chewing. The results showed that the denture wearers had longer masticatory 

sequences and a greater number of cycles compared to the dentate elderlies. In addition, 

the results highlighted the fact that denture wearer elderlies made a bolus with many 

more large particles than the ones of the dentate elderlies.  

1.1.3. DECREASE IN MUSCLE STRENGTH 

Many studies have shown that muscle mass and strength tend to decrease with ageing. 

As an example, Goodpaster et al. (2006) recruited 3075 elderly volunteers to measure 

the body composition and muscle strength using an isokinetic knee extensor. The results 

showed that the loss of muscle strength was more rapid than the concomitant loss of 

muscle mass, which means that muscles decline in terms of quality with ageing. This 

phenomenon occurs in all body muscles including the masticatory muscles. Galo et al. 

(2007) recruited 10 elderly people (mean age 67.9 ± 4.8 years) and 10 young adults 

(mean age 25.9 ± 3 years) to study the activation of masticatory muscles when chewing 

three artificial products with different texture properties; an electromyography 

evaluation was performed during mastication. The results showed that the group of 

older adults presented lower electromyographical activity of both masseter and 
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temporalis muscles during chewing. Even though the results were not significant for soft 

foods, the results were significant for harder foods. Looking at their results, both Peyron 

et al. (2004) and Galo et al. (2007) conclude on a decrease in muscular tonus due to 

either loss of muscle mass or the deterioration of the neuromuscular and sensory 

control mechanism. 

Some studies have also shown a relationship between loss of tooth and muscle strength. 

Tsuga et al. (1998) recruited 160 elderly volunteers to measure the maximal bite force 

and the endurance time of dentate, edentulous and denture wearer elderly people. The 

results highlighted that the maximal bite force of the elderly subjects was significantly 

correlated to the number of remaining teeth. Furthermore, a correlation between the 

number of remaining teeth and endurance time was observed for women. In the study of 

Ikebe et al. (2012) previously mentioned, the authors measured the masticatory 

performance as well as bite force for their three groups differing in number of occlusal 

contacts. The results showed that the bite force was significantly greater for elderly with 

occlusal contact in four support zones compared to the other groups. There is indeed a 

positive correlation between the number of occlusal contacts and the measured bite 

force. To go further, some other studies have highlighted a relationship between 

wearing dentures and muscle strength. Veyrune and Mioche (2000) recruited 18 elderly 

volunteers (9 dentate and 9 complete denture wearing elderly) and asked them to 

masticate cooked pieces of meat while recording the electromyography of the four 

masticatory muscles activity. The results showed a greater muscle activity for dentate 

elderly compared to elderly denture wearers. More precisely, dentate volunteers 

showed a greater intensity of muscle contraction for the masseter muscles. 

Furthermore, denture wearers had greater difficulty in chewing the samples compared 

to the dentate elderly volunteers. As a similar study, Kohyama et al. (2003) recruited 19 

elderly volunteers to evaluate their masticatory ability when eating 6 different foods 

using electromyography recording. The volunteers were classified into three groups: 

high dental status (7 to 10 posterior dental occlusions), middle dental status (3 to 6 

posterior dental occlusions) and low dental status (0 to 2 posterior dental occlusions). 

The authors highlighted a significant difference between high, middle and low dental 

status elderly in terms of muscle activity per chew, mean and maximum 

electromyography voltage and burst duration. The group with high dental status showed 

better performance in masticatory ability than middle and low dental status groups.  
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1.1.4. MASTICATORY PATTERN 

When eating food, the mouth operates several movements such as jaw movements, 

masticatory cycles and even mouth opening amplitude, all of these movements can be 

defined as masticatory pattern. It is well known that the loss of a tooth can influence 

masticatory pattern, however, very few studies have investigated the impact of ageing 

per se on masticatory patterns, whether on dentate or denture wearing elderly people. 

First, the number of masticatory cycles has been shown to increase with ageing. Peyron 

et al. (2004) recruited 67 volunteers aged between 25 and 71 year old with a complete 

dentition to study jaw movements while chewing four model foods that differ in terms of 

visco-elastic properties. The results showed an increase of 0.3 cycles per year of life. 

Second, some studies highlighted the fact that the mouth movements do not have the 

same amplitude between young and older adults during chewing. Karlsson and Carlsson 

(1990) measured the distances and angular movements during the mastication on 30 

young (24-33 year old) and 14 elderly (78-84 year old) dentate subjects while chewing 

crispbread. The authors highlighted a significant difference between young and elderly 

adults in the mean vertical displacement, the amplitude was smaller in the elderly 

population than in the group of young adults. No significant difference was observed on 

the lateral component of the movement. However, the variance for the opening angle 

was greater (p<0.05) for the young adults. The authors also reported a smaller mean 

speed of the lower jaw during opening and closing movements in the elderly people. In 

line with those results, Kohyama and Mioche (2004) studied the chewing behavior of 

young and elderly adults using electromyography recording on both sides of the 

temporal and masseter muscles. The subjects were asked to chew 5 different foods 

(cooked rice, cooked beef, Edam cheese, raw apple, crispy bead and natural peanuts). 

The authors did not report any interaction between type of food and age or between age 

and stage of mastication. However, some age differences were observed on the chewing 

pattern such as the jaw opening duration or the mean electrical muscle activity 

measured during chewing, the elderly people showing a less efficient masticatory 

pattern.  

  



CHAPTER 1: SCIENTIFIC CONTEXT 

21 
 

1.2. IMPACT OF MASTICATION ON FOOD ORAL PROCESSING IN THE ELDERLY 

1.2.1. IMPACT OF AN IMPAIRED MASTICATION ON FOOD PERCEPTION 

As masticatory function might be altered by the physiological consequences of ageing, 

and knowing that mastication is one of the keys for an optimal food appreciation and 

consumption, it is worth investigating the impact of an impaired masticatory function on 

food perception, which is to say texture and flavor perception. 

Texture perception 

Very few studies have investigated the impact of dental status on food texture 

perception in the elderly population. Furthermore, and among the scarce literature, very 

few texture descriptors have already been studied. For example, Veyrune and Mioche 

(2000) evaluated the sensitivity of denture wearers to different food textures. The 

recruited volunteers – 9 denture wearers versus 9 dentate control volunteers – were 

asked to evaluate the subjective texture of meat on a 10 cm analogue scale, the meat 

samples varied in ripening time and cooking temperature which allowed a large range of 

textures. Even though the results showed no significant difference of texture perception 

between dentate and denture wearer elderly, the edentulous seem more sensitive to 

changes in juiciness of meat. In another study, Manly et al. (1952) recruited 20 

volunteers (10 with normal dentition and 10 denture wearers) to evaluate texture 

sensory perception asking the volunteers to bite disks made of high-resin copolymer 

varying in thickness or hardness. The results showed no significant difference of 

thickness or hardness discrimination between normal dentition and denture wearers. 

However, denture wearers and dentate volunteers showed different thresholds when 

evaluating hard rubber disks; hardness was not perceived at the same level depending 

on dental status. According to the authors, soft and hard detections involve different 

relative amount of motion of the mandible which would explain the observed results. 

Indeed, when biting hard food, one needs a larger dentition movement compared to the 

biting of soft foods. The denture wearers would therefore be less able to perform large 

mandible movements when eating. These two studies present some very interesting 

results that call for more research studies in order to explore a larger amount of texture 

descriptors on the elderly population with varying dental status. 
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Flavor perception 

Several authors showed an impact of ageing on chemosensory perceptions (Doty, 1991; 

Schiffman, 1991; Murphy et al., 2002; Doty and Bromley, 2004; Imoscopi et al., 2012). 

Various factors are likely to affect chemosensory perception: ageing per se but also 

several factors related to elderly’s general health such as drug intake (Schiffman, 1991; 

Doty and Bromley, 2004) or pathological conditions (Doty, 1991; Murphy et al., 2002; 

Imoscopi et al., 2012). Some authors have also shown an impact of oral health status on 

olfactory and taste perception capability (Henkin and Christiansen, 1967; Burdach and 

Doty, 1987; Griep et al., 1996; Duffy et al., 1999; Nalcaci and Baran, 2008; Solemdal et al., 

2012; Batisse et al., 2017). In the study conducted by Nalcaci and Baran (2008), 254 

elderly volunteers evaluated their perceived taste disturbance throughout a 

questionnaire measuring the presence or absence of bad breath and distorted taste or 

loss of taste. The results showed a strong correlation between the perceived taste 

disturbance and the type of denture (fixed-partial, removable-partial or complete 

dentures, p<0.001). However, the methodology used in this study presents two limits: 

first, the evaluation of taste perception is a self-evaluation, thus the use of self-report 

questionnaires could lead to misreports (Levkoff et al., 1987; Angelini et al., 2012). 

Second, only the correlations were analyzed between taste perception and dental status, 

it is therefore not possible to conclude on a potential cause and effect relationship. In a 

study conducted by Duffy et al. (1999), 27 dentate or denture wearers with uncovered 

palate and 46 denture wearers with covered palate were recruited to evaluate the 

olfactory sensitivity using the Connecticut Chemosensory Clinical Research Center test 

which pairs an odor threshold component with an odor identification component. The 

results highlighted a significant difference between the two groups in terms of olfactory 

flavor threshold. The group wearing dentures with a covered palate showed a higher 

threshold than the other group. However, it is difficult to say whereas this difference is 

due to the wear of denture or to the covering of palate, as it is known that the interaction 

between the palate and the tongue during swallowing is essential for an optimal sending 

of volatile compounds to the olfactory receptors (Burdach and Doty, 1987). This theory 

was already stated by Henkin and Christiansen (1967) on taste perception; the authors 

highlighted the fact that the wear of palate-covering dentures affects the taste of sour 

and bitter. In another study, Griep et al. (1996) recruited 182 free living elderly 

volunteers (mean age = 68.4 years) classified into 3 groups (dentate, partial denture 
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wearers, complete denture wearers) to investigate how much odor perception is 

impacted by dental status and oral hygiene. The volunteers were asked to sniff bottles 

containing solutions of isoamyl acetate in pair and to identify the bottle with the 

strongest smell. The results showed that there was no significant difference between 

dentate, partial denture wearers and complete denture wearers in terms of odor 

perception when evaluating separately the men and women. However, a tendency of the 

interaction of gender and dental status was observed as among the partial denture 

wearers, men had a poorer odor perception. Furthermore, and among the complete 

denture wearers, odor perception threshold increased with age. The authors 

hypothesized that bacteria, food debris or desquamated oral epithelial cells that can be 

on denture saddle may lead to oral malodors which may enter the nasal cavity by a 

fermenting process and therefore may cause masking effects on odor perception. 

Solemdal et al. (2012) concluded on the hypothesis. The authors recruited 174 

volunteers characterized in terms of dental status and investigated its impact on taste 

sensitivity threshold using strips impregnated with sweet, sour, salty and bitter taste 

solutions in four different concentration each to place in the middle of the anterior 

region of the tongue. The results showed no significant difference of the total taste score 

between denture wearers and dentate elderlies but a reduction of the total taste score 

was observed in patients with high number of decayed teeth. This could be explained by 

the fact that elderly with a lower number of teeth may have a poorer oral hygiene, and 

taste loss could be due to toxins and inflammatory products produced by the oral 

bacteria.  

1.2.2. IMPACT OF AN IMPAIRED MASTICATION ON FOOD INTAKE 

As ageing can have an impact on food perception and masticatory pattern, it is worth 

investigating its impact on food intake. The intake of food can be evaluated via several 

methods, the main ones being the subjective evaluation of food acceptability, food 

avoidance or food consumption in quantity per day, or the amount of nutrient intake. All 

of these three approaches bring precious information on food behavior in the elderly 

population. 
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Food acceptability 

Food acceptability is commonly measured throughout a questionnaire assessing the 

subjective estimate of food acceptance among a list of varied foods. In the study 

conducted by Wayler and Chauncey (1983), 335 volunteers aged 50+ performed the 

food acceptability test by rating the ease of chewing of a list of commonly eaten foods 

(i.e. French bread, steak, salami, celery, etc.). In parallel, the volunteers were 

characterized in terms of dental status (intact, partially-compromised or compromised 

natural dentition or denture wearers). The results highlighted a significant decrease in 

ease of chewing scores for complete denture wearers compared to the groups having a 

natural dentition. Those results go in line with the results of similar studies (Garcia et al., 

1989; Marcenes et al., 2003; Ikebe et al., 2007). For example, Marcenes et al. (2003) 

evaluated the relationship between dental status and food selection in 753 free-living 

elderly people, dentate and edentulous. The results showed that among the edentulous 

group, half of them presented difficulty or impossibility in eating apples. A high 

percentage also presented difficulty in eating nuts (42%), raw carrot (41%) or well-

done steaks (33%). The edentulous had a significantly greater difficulty in eating 

tomatoes, raw carrots, apples, nuts, lettuce and well-done steaks (p<0.01) compared to 

the dentate elderly. If these studies allow a better understanding of food behavior 

among the elderly population, their results bring different information to the ones 

obtained throughout the objective measure of food consumption. 

Food consumption 

Several studies showed an impact of dental status on modifications in food behavior 

(Geissler and Bates, 1984; Brodeur et al., 1993; Joshipura et al., 1996; Kagawa et al., 

2013). Geissler and Bates (1984) demonstrated in their review that tooth loss was 

related to a reduced consumption of meat, fresh fruit and vegetables based on the 

results of a nutrition survey in the British elderly population. These results go in line 

with the ones of Joshipura et al. (1996) who demonstrated that participants with less 

teeth consumed less vegetables in terms of frequency. However, they did not recruit 

elderly people specifically (mean age of 55 years, ranging from 40 to 80 years). In terms 

of food texture, Hildebrandt et al. (1997) have demonstrated that elderly people with a 

reduced number of functional units (pairs of occluding teeth) avoided stringy, crunchy 

and dry solid foods. Regarding the impact of masticatory performance on food intake, 
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few studies highlighted that elderly people with poor masticatory performance had 

lowed intake of fruits and vegetables (Brodeur et al., 1993; Kagawa et al., 2013). 

However, other studies did not find any impact of dental status on food intake. As an 

example, Tsai and Chang (2011) recruited 1766 elderly volunteers characterized in 

terms of dental status (wear of fixed or removable denture or dentate elderly) to 

investigate the impact of dental condition on food consumption using a food frequency 

questionnaire. The results showed that denture wearers (fixed or removable) consumed 

dairy and fruits more frequently than dentate elderly (p<0.001 and p<0.005 

respectively). Furthermore, fixed-denture wearers consumed vegetables more 

frequently than non-denture and removable denture wearers (p<0.001). Furthermore, 

Bradbury et al. (2008) did not find any difference of fruit and vegetable intake between 

dentate and edentate elderly people. Those discrepancies between the studies could be 

explained by the diversity in the methods used to evaluate food consumption. When 

some studies used the 24h-recall, others used the food frequency questionnaire, a 

simple food list, an estimated dietary records, a diet history questionnaires or even 

some weighing protocols. Furthermore, very few studies have investigated the impact of 

dental status on food intake or food avoidance, and the used methodology to assess food 

intake differs between studies. 

Nutrient intake 

Several studies highlighted an impact of dental status on nutrient intake (Ernest, 1993; 

Sahyoun et al., 2003; Hung et al., 2005; Yoshihara et al., 2005; Cousson et al., 2012). 

However, the nutrients that are affected by dental status varied from one study to 

another, which leads to inconsistencies between the studies and difficulties to conclude 

on the results. Regarding masticatory ability, Ernest (1993) recruited 30 volunteers to 

evaluate their dietary intake, food preferences and masticatory ability by asking to 

answer a 24-hour dietary recall and to eat a piece of raw carrot in order to evaluate their 

masticatory ability. The results showed that there was a significant negative relationship 

between masticatory ability and carbohydrates, thiamin, riboflavin, folacin, vitamin B-6 

and sodium intake. Regarding dental status, most of the studies showed a decrease of 

nutrient intake for poor dental status elderly; even though the evaluation criteria of 

dental status differs between studies (number of teeth, number of functional units, 

denture status)(Sahyoun et al., 2003; Hung et al., 2005; Yoshihara et al., 2005; Cousson 
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et al., 2012). Cousson et al. (2012) have for example compared fully dentate and 

complete denture wearer elderly on nutrient intake throughout a 3-day dietary record. 

The results showed that even though both groups (dentate and denture wearers) had 

lower nutrient intake than the recommended daily allowance, the group of denture 

wearers had lower energy intake than the control group (p<0.05). Furthermore, the 

control group had greater lipid (p<0.05) and carbohydrate (p<0.01) intake than the 

denture wearer group. Yoshihara et al. (2005) recruited 57 elderly volunteers to 

evaluate the relationship between the number of remaining teeth and dietary intake. 

The results showed that the number of teeth was significantly associated with total 

energy and animal protein intake (p<0.0001) as well as many nutrients such as sodium, 

potassium or even many vitamins (p<0.05). When dividing the population into two 

groups (>20 teeth versus <20 teeth), the results showed that the mean intake of 

nutrients was lower for the group with less than 20 teeth compared to the group having 

more than 20 teeth.  

 

 

 

 

 

 

 

2. SALIVATION 

Saliva is a physiological fluid that plays a crucial role in preserving and maintaining oral 

health and eating comfort (Carpenter, 2012). Saliva is secreted by three major salivary 

glands (submandibular, sublingual and parotid glands) and several minor salivary 

glands located all over the oral cavity (Christensen, 1986). During oral food 

consumption, saliva has three major functions.  
 

First, saliva plays a key role in the acceptance of food and beverage by modulating the 

perception of oral sensations (taste, viscosity, smoothness, juiciness, astringency, etc.) 

and aroma release. In fact, taste compounds should be in an aqueous solution to reach 

and activate taste buds (Fischer et al., 1994), and it has been demonstrated that taste 

Take home message 

Mastication is essential to food breakdown as teeth and masticatory muscles 

altogether reduce food into a bolus ready to be swallowed. With aging, the loss of 

teeth, the wear of denture or the decrease in muscle strength alter the efficacy of 

mastication and can induce food breakdown impairments. Many studies have shown 

that masticatory impairments can impact food perception and food intake. 
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sensitivity is related to saliva composition (Dsamou et al., 2012). Furthermore, texture 

perception is influenced by saliva composition. (Engelen et al., 2007) have demonstrated 

that subjects with a high α-amylase activity had a decreased thickness perception of 

starch-based custard. Finally, saliva can impact aroma release by assisting in the food 

breakdown process, by retaining or releasing aroma compounds depending on their 

affinity with saliva, and by inducing chemical reactions likely to produce new volatile 

compounds (Gierczynski et al., 2011).  
 

Second, saliva, as well as mastication, transforms a food sample into a bolus that can be 

safely swallowed (Prinz and Lucas, 1997). The water in saliva moistens the food 

particles, whereas the salivary mucins bind masticated food into a coherent and slippery 

bolus that can easily slide through the esophagus without damaging the mucosa. Saliva 

enzymes also initiate the digestion of carbohydrates in the food bolus (Salt and 

Schenker, 1976; Hamosh and Burns, 1977).  
 

Third, saliva dilutes and removes substances from the oral cavity after swallowing, i.e. 

“oral clearance”; (Lagerlof and Oliveby, 1994; Lenander-Lumikari and Loimaranta, 

2000). In fact, salivation and swallowing are acknowledged to be important processes 

for eliminating injurious and noxious agents and bacteria from the oral cavity (Pedersen 

et al., 2002). Saliva clears sugar and acids from the oral cavity and thereby protects teeth 

from erosion. Finally, teeth and mucous membranes are covered by a protective film of 

saliva, which prevents the occurrence of caries (Ericsson, 1953).  

2.1. IMPACT OF AGEING ON SALIVATION 

In elderly people, it has been demonstrated that the cumulative effect of ageing and 

associated changes, such as tooth loss (Dormenval et al., 1998; Srinivasulu et al., 2014), 

drug intake (Handelman et al., 1989; Bardow et al., 2001; Johanson et al., 2015; 

Thomson, 2015) and disease (Ship et al., 1990; Ship, 1992; Ship and Puckett, 1994; Chu 

et al., 2015), may affect salivary flow. But a recent study also highlighted the fact that 

elderly people, independently of the confounding factors cited above, show a decrease of 

salivary flow rate (Vandenberghe-Descamps et al., 2016). Even though this decrease in 

salivary secretion was not fully explored in the literature, two hypotheses can be 

emitted as for its physiological explanation. First, the decrease in salivary secretion 

could be explained by the ageing of salivary glands themselves. Salivary glands are 
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composed of three major types of cell; acinar cells, ductal cells and myoepithelial cells, 

and saliva is produced in the end-pieces of the glands – the acini -, where serous cells 

produce the watery seromucous secretion and mucous cells produce the viscous mucin-

rich secretion. Yet the acinar cells are known to degenerate with age, which directly 

affects salivary flow rates (Edgar and O'Mullane, 1996). Second, as salivary secretion is 

regulated by the autonomic nervous system, it could be argued that the autonomic 

nervous system function declines with ageing, which leads to a decrease in salivary 

secretion. To the best of our knowledge, no studies have investigated the impact of 

ageing on the salivary secretion function of the autonomic nervous system. However, 

some studies have investigated the impact of ageing on other autonomic nervous system 

functions such as cardiovascular ad pupillary autonomic nervous system reflexes 

(Pfeifer et al., 1983), heart rate during postural change, vasomotor thermoregulatory 

function and lower-body negative pressure (Collins et al., 1980), or even the expression 

of autonomic nerves (Burnstock, 1990). All of these previously cited studies showed a 

decline in the autonomic nervous system function. Those results go in line with the 

study of Bénard and Doitsidou (2017) who highlighted the fact that age-related neuronal 

changed occur at a structural, cellular and functional level using the C. elegans model. 

2.2. IMPACT OF SALIVATION ON EATING IN THE ELDERLY 

As described previously, salivary secretion is an essential key for taste and texture 

perception throughout its quantity and quality. Therefore, a lack of saliva or an 

alteration in saliva composition can have an impact on taste and texture perception, 

which could lead to changes in food behavior. In the present thesis, a systematic 

literature review was conducted to investigate the topic, its aim was to summarize the 

existing literature on the link between impaired salivation i.e. hyposalivation and food 

consumption in the elderlies (see below). 
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Take home message 

Saliva has a major role in maintaining oral health, food perception and food bolus formation. 

With aging, salivary composition and saliva secretion can be altered do to the cumulative effect 

of ageing and associated changes, but also to aging itself throughout the aging of salivary glands. 

Many studies have demonstrated that an impaired salivation can affect food perception (flavor, 

texture) as well as food and nutrient intake. 
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3. DEGLUTITION 

Deglutition is the act of swallowing, whether it be foods, beverages or saliva, and it is 

composed of four phases: the oral, oral transit, pharyngeal and esophageal phases 

(Figure 3).  

 

Figure 3. The swallowing steps 

The oral phase aims at transporting the food bolus – once ready to be swallowed – 

towards the pharynx in behalf of the tongue propulsion. It starts with the entry of food 

into the oral cavity and can be divided into two steps: the voluntary oral preparatory 

and the oral transport steps. The voluntary oral preparatory phase consists in food 

destructure and humidification in order to form a swallowable food bolus, where facial 

muscles are involved to maintain food bolus under the teeth for an optimal mastication. 

During this step, some sensory information such as bolus size or its position in the 

mouth are sent through trigeminal nerve afferent fibers. Once food is reduced into a 

swallowable bolus, the oral transport begins (oral transit phase). During this phase, the 

tongue bends itself to receive the food bolus and the anterior part of the tongue presses 

the hard palate, which stimulates the hard palate mechanoreceptors. Peristaltic 

movements of the tongue are then initiated to move the food bolus into the oropharynx. 

The oral transit phase ends when the bolus crosses the velum. The third phase is called 

the pharyngeal phase and is triggered by the contact between the food bolus and the 

velum. This phase works by reflex and aims at propelling the food bolus towards the 

esophagus. During this phase, there is a stimulation of tactile receptors in the oral 
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pharynx by the food bolus. The velopharyngeal muscles seal the nasopharynx to the 

muscular pharynx in order to prepare the passage of the food bolus. While the tongue 

blocks the oral cavity in order to prevent any food going back to the mouth, the soft 

palate bulges to block the entry to the nasal cavity. Furthermore, the vocal chords close 

to protect the airway to the lungs and the entry of the trachea is covered by the larynx 

and the epiglottis. At that time, no respiratory movements are possible. Food bolus is 

then directed from the pharynx to the esophagus. Finally, the fourth and last phase – 

called the esophageal phase – consists in the passage of the food bolus through the 

esophagus to end in the stomach. Under involuntary control, the striated muscles of the 

upper esophagus then the smooth muscle of the distal esophagus lead the food bolus 

into the stomach. Once again, bolus stimulation allows an inhibition of the lower 

esophageal sphincter and a gastric distention to ensure the passage of the food bolus 

into the stomach (Schindler and Kelly, 2002; Lambert and Ménage, 2013). 

3.1. IMPACT OF AGEING ON DEGLUTITION 

With ageing, physiological modifications can occur on every component of the oral 

cavity that is involved in the deglutition and therefore disrupts the transport of the food 

bolus towards the stomach. Whether these impairments are due to ageing 

(presbyphagia) or other age-related events (dysphagia) such as acute pathologies 

(dementia or stroke) or multiple drug intakes for instance, it can have serious 

consequences on the deglutition of food (Humbert and Robbins, 2008).  

During the oral phase, the decrease in muscle strength that can occur with ageing 

(description in section 1.1.3 of the present thesis) may lead to impairments in food bolus 

preparation, which could induce swallowing disorders. However, very little effects of 

ageing on lingual motility and labial occlusion force were observed in the literature 

(Baum and Bodner, 1983; Crow and Ship, 1996). In the study conducted by Crow and 

Ship (1996), 99 volunteers aged between 19 and 96 years old were recruited to evaluate 

the impact of aging on tongue strength and endurance using the Iowa Oral Performance 

Instrument. The results showed a significant decrease in tongue strength related to age 

in males but not in females. However, no difference was observed between age groups 

for tongue endurance.  

Some disturbances can also be encountered in the pharyngeal phase due to ageing. The 

reflex of swallowing can be slowed down and the amplitude and the speed of the 
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peristalsis diminished (Tracy et al., 1989; Robbins et al., 1992; Lesourd, 2006). In the 

study conducted by Tracy et al. (1989), 24 volunteers from 20 to 79 years old were 

recruited to evaluate the effect of age on the oropharyngeal phase using 

videofluorography and pharyngeal manometry. The results showed that the duration of 

the pharyngeal phase was longer for the elderly people. Furthermore, the duration of the 

opening of cricopharyngeal, the peristatic amplitude and the peristaltic velocity 

decreased significantly with ageing. In addition, during the oral phase, the elderly 

volunteers held the food bolus more posteriorly in the oral cavity compared to the 

younger volunteers, which supposedly increases the risk of swallowing the wrong way. 

In line with those results, Robbins et al. (1992) recruited 80 volunteers characterized in 

terms of swallowing ability to study the impact of aging on the oropharyngeal 

swallowing. The results showed that stage transition, pharyngeal transit and upper 

esophageal sphincter opening durations were longer for elderly people compared to 

younger adults. However, no significant difference was observed in terms of pharyngeal 

pressure between the groups.  

Finally, the esophageal phase is the one that is less impacted by ageing. Some little 

dysfunction on the superior sphincter and the esophagus peristalsis can be observed, as 

well as a slowdown of the relaxation after swallowing. However, those dysfunctions are 

more difficult to identify due to modifications in esophageal sensations with aging 

(Shaker and Lang, 1994; Ren et al., 1995; Achem and Devault, 2005). 

3.2. IMPACT OF DEGLUTITION ON EATING IN THE ELDERLY 

3.2.1. IMPACT OF AN IMPAIRED DEGLUTITION ON FOOD PERCEPTION 

Many studies have investigated the role of food sensory characteristics on swallowing. It 

has now been proven that bolus volume, viscosity, taste and texture have an impact on 

oropharyngeal swallow physiology in normal adults as swallowing patterns differ 

according to food characteristics (see Loret (2015) for a review). However, very few 

studies focused on elderly people with impaired deglutition. Bisch et al. (1994) asked 28 

volunteers with or without swallowing impairment to eat bolus type food. The boluses 

were calibrated in terms of temperature, volume and viscosity. The swallowing patterns 

were evaluated throughout videofluorography. The results showed that for normal 

volunteers, there were significant differences of swallowing patterns depending on 
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bolus temperature compared to the impaired volunteers. Indeed, normal volunteers 

performed longer pharyngeal response times and longer laryngeal elevation with cold 

boluses. However, for both groups the bolus volume and viscosity had an impact on 

pharyngeal delay time; a larger bolus volume and a more viscous bolus decreased 

pharyngeal delay time. Regarding the impact of impaired deglutition on food perception, 

to the best of our knowledge no studies have been conducted. It would be interesting to 

investigate whereas elderly volunteers with swallowing disorders have a reduced 

capacity in sensory perception compared to healthy elderly volunteers, independently of 

other oral factors. 

3.2.2. IMPACT OF AN IMPAIRED DEGLUTITION ON FOOD INTAKE 

Impairment in swallowing efficacy may result in swallowing food the wrong way, which 

could lead to lung infections or choking. In order to avoid those difficulties, it is probable 

that elderly people reduce or alter their food and beverage intake (Sura et al., 2012). 

However, minimal information is available in the literature to support this hypothesis. 

When elderly people encounter swallowing impairment, a specific feeding strategy is 

set-up such as providing elderly people with “texture-modified foods”, in the form of 

chopped, blended or pureed foods. Obviously, this food transition deeply modifies 

elderly’s food pattern for two reasons: first, the nutritional characteristics of a mixed 

food is different from normal texture food. Second, eating only texture-modified foods 

may result in a decrease in appetite and in food intake. The texture modified foods are 

indeed often perceived as unattractive and not very palatable (Rofes et al., 2011). This 

reduction of food intake can lead to malnutrition. In the study conducted by Cabre et al. 

(2010), 134 elderly subjects were recruited among which 74 subjects presented 

oropharyngeal dysphagia. The authors showed that within the latter segment, 36.8% 

were malnourished and 54.4% were at risk of malnutrition. Furthermore, Serra-Prat et 

al. (2012) highlighted in their cohort study that 18.6% of the elderly volunteers with 

dysphagia were malnourished or at risk of malnutrition while 12.3% of the population 

without dysphagia was malnourished or at risk. Also, after a one year follow-up, the 

authors have noticed a significant difference between the two groups in terms of 

nutritional status as the prevalence of malnutrition and risk of malnutrition increased 

for elderly with oropharyngeal dysphagia. However, most of the studies that 

investigated dysphagia and its risk factors on an elderly population included elderlies 
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with acute pathologies such as dementia or pneumonia, which are known as 

confounding factors. To the best of our knowledge, there is no study that aimed at 

investigating presbyphagia – the impact of ageing per se on deglutition - and the ability 

to eat foods on a healthy elderly population. 

 

 

 

 

 

 

 

 

 

4. PERSONAL WORK 

4.1. RESEARCH QUESTION 

The previous sections highlight that ageing can affect three dimensions of food oral 

processing: mastication, salivation and deglutition. It has been shown that the 

impairments of those three dimensions can have an impact on diet, in a qualitative way 

(food avoidance) or in a quantitative way (decrease in appetite and food intake). 

Furthermore, those oral impairments can have an impact on pleasure to eat (Figure 4).  

 

Figure 4. Representation of the physiological determinants likely to explain food choice, food 
behavior and nutritional status in elderly people. 

 

Take home message 

Deglutition is the act of swallowing food bolus safely in order to send food to the 

stomach. Three major steps are identified during swallowing, each of them can be 

impacted with aging. Very few studies have investigated the impact of aging itself on 

swallowing disorders, however it has been shown that swallowing disorders can have 

an impact on food intake and that elderly presenting swallowing disorders are less 

sensitive to food sensory characteristics. 
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Nowadays, the main solution provided to elderly people in order to fight against oral 

health problems consists in providing elderly people with “texture modified foods” in 

the form of chopped, blended or pureed foods. While industries have made efforts in 

recent years to improve their acceptability, texture modified food is often unattractive. 

Furthermore, many catering services in institutions or hospitals chop or blend the foods 

themselves: a portion of the normal-texture meals is blended for older individuals 

suffering from chewing and/or swallowing difficulties. This kind of food seems essential 

for elderly people suffering from dysphagia as the risk to swallow food the wrong way 

may lead to a risk of stroke or even death. However, one could wonder whether this 

approach is pertinent for elderly people suffering from masticatory or salivatory 

impairments. Indeed, the result is often visually unpleasant and not very palatable. As a 

consequence, texture modified diet goes along with a lack of appetite and a decrease in 

food intake. Wright et al. (2005) have highlighted in their study that elderly people 

consuming a texture modified diet had lower intake of energy and protein compared to 

elderly people eating a normal diet. Furthermore, the authors specified that modified-

texture diet eaters rated the dishes as poorly palatable or poorly presented. Texture 

modified diet is indeed recognized as a risk factor for undernutrition (Keller et al., 

2012). Furthermore, this solution is particularly deleterious as it may put elderly people 

into a vicious spiral: the less a person chews, the more difficult it is to chew (Mioche et 

al., 2004). Finally, while masticatory impairments are often taken into account in the 

research studies investigating food for elderly people, salivary impairments are usually 

left behind. It is thus of crucial importance to consider new solutions to improve food 

intake in terms of quantity and quality and maintain eating pleasure for elderly people, 

taking into account masticatory and salivary impairments that can occur with ageing.  

 

Therefore, the general objective of this thesis was to understand what oral health factors 

(dental, salivary, muscular) have an impact on the physiological and psychological 

dimensions of eating a food, in order to identify culinary techniques that could preserve 

food intake in elderly people having a poor oral health. To meet this goal, the work I 

handled during this thesis was divided into three priority axes.  

First the priority was to investigate the association between oral health and diet in 

elderly people. As highlighted in the literature, many authors investigated the impact of 

ageing on mastication or salivation, the impact of an impaired mastication or salivation 
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on food oral processing, the impact of a decrease in masticatory ability or salivation on 

food and/or nutrient intake, or the impact of a decrease in masticatory ability or 

salivation on nutritional status (for reviews, see Tada and Miura (2014); Kiesswetter et 

al. (in press) and Muñoz-González et al. (2017). However, to date, none of the studies 

investigated all those dimensions together, inside one elderly panel, in order to model 

the impact of oral status on food behavior as a whole. The originality of the present 

thesis was to perform an in-depth investigation of the association between oral health 

and diet in elderly people by recruiting a panel of elderly people aged over 65; half of the 

participants having a good dental status and half having a poor dental status; and to 

consider i. masticatory, salivary and chemosensory functions, and ii. parameters that 

account for the status of the oral components involved in food consumption (i.e. dental 

status, salivary flow, bite force, tongue strength, gustatory abilities, olfactory abilities) as 

well as parameters that account for the efficiency of the oral processes involved in food 

consumption (i.e. food bolus formation, food aroma release).  The objective of this data 

collection was to answer the following research questions: What is the importance of 

salivation during food consumption in the elderly population? What are the impacts of 

mastication and salivation on food oral processing and the impacts of food oral 

processing on food behavior in an elderly population? Is there a direct or indirect 

relationship between the oral health status and food oral processing as well as food and 

nutrient intake and corpulence? 

To date, only a part of the statistical analysis has been performed; therefore only the two 

following research questions will be reached in the present thesis: what is the 

relationship between the functional status of oral components and the oral processes in 

an elderly population? What is the impact of these different oral parameters on 

nutritional parameters?  

 

Second, I investigated the concept of oral comfort when eating a food. In the literature, 

while many studies have focused on the impact of oral health on food consumption, the 

impact of oral health on the difficulties encountered by the elderly when eating was less 

explored. Furthermore, most of the few studies that have explored eating difficulties in 

the elderly have targeted only one dimension, usually chewing difficulties (Fontijn-

Tekamp et al., 2000; Takata et al., 2008; Hsu et al., 2014). Some have targeted two 

dimensions (e.g., chewing difficulties and pain sensations in Brennan et al. (2008), but to 
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the best of our knowledge, none have targeted all the difficulties liable to be 

encountered by the elderly when eating a food. Moreover, former studies used either a 

general question (e.g., “Have you found it uncomfortable to eat any foods because of 

problems with your teeth or mouth?” in Silva et al. (2015)) or a question related to a 

specific food category (e.g., “boiled vegetables” or “firm foods such as steak or dried 

apricots” in Brennan et al. (2008)), but as far as we know, none asked questions during 

the actual consumption of a food. Thus, it is worth exploring in more detail which 

difficulties are encountered by the elderly in an eating situation, both to better 

understand the impact of oral health on food intake (namely, to better understand which 

difficulties lead an older individual to avoid one food or another), and consequently to 

develop a food supply tailored to the oral capacities of the elderly people. The originality 

of this work was to explore the concept of oral comfort asking a panel of elderly people, 

taking into account the diversity that is available in the food offer in France; and to 

develop a tool that aims at assessing oral comfort when eating a food by the elderly 

people. The objective of this investigation was to answer the following research 

questions: Is it meaningful to explore the concept of oral comfort when eating food 

among an elderly population? Would they understand this concept and what would be 

their definition of oral comfort? What are the sub-dimensions that result from the 

definition of oral comfort? What is the impact of mastication and salivation on oral 

comfort when eating a food?  

 

Finally, in the AlimaSSenS project, industrials partners have worked on food supply 

tailored for elderly people with or without oral health impairments. In parallel, I have 

looked up and tested some culinary techniques that are easy-to-do at home in order to 

help elderly people keep eating meat, which is a great source of protein. The originality 

of this work was to investigate culinary techniques that everyone could do at home 

without specific equipment, and to ask elderly people to assess oral comfort on those 

developed culinary techniques in order to validate them in terms of texture 

improvement. The objective of this part was to answer the following research questions: 

what culinary techniques are feasible at home by elderly people? In an “at-home” 

condition, does the application of these culinary techniques have an impact on 

rheological characteristics of the meat samples or on the perceived oral comfort by an 
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elderly panel? Would the elderly people appropriate themselves the culinary techniques 

at home?  

To date, the last question was not investigated and therefore will not be developed in 

the present thesis. 

 

Each of the three topics will be developed in the following sections as well as in the next 

three chapters; a summary of the results will be presented as the beginning of the 

discussion.  

4.2. ORAL HEALTH CHARACTERIZATION OF THE ALIMASSENS PANEL 

The objective of this task was to recruit a panel of about 100 elderly people – half with 

good oral health and half with poor oral health – in order to characterize them in terms 

of oral status. Elderly people (<65 years old) were recruited several ways: by using the 

Panelsens database (database of every volunteer being involved in one or several 

studies in the laboratory during the last years), by contacting associations for elderly 

people such as the “senior house”, or by presenting the project during the “senior 

exhibition” in Dijon.  

The inclusion criteria were the following: 

- Older than 65 years old 

- Living at home 

- No acute pathological episodes neither at the time of the experiment nor in the 

recent past 

- Scoring at least 24 on the Mini Mental State Evaluation 

- Having a number of functional units ≤ 4 or ≥ 7; a functional unit was defined as a 

pair of posterior antagonist teeth that had at least one contact area during 

chewing. 

107 elderly volunteers were recruited, 60 having at least 7 functional units (good dental 

status group) and 47 having 4 or less functional units (poor dental status group). The 

volunteers participated in three sessions during which 6 categories of measurements 

were performed (Figure 5).  
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Figure 5. Characterization of the elderly panel. The physiological dimensions correspond to the 
oral health examination, the chemosensory capabilities, bolus efficiency, food behavior and 
nutritional status evaluation. The physiological dimension corresponds to the self-perceived 
oral health.  

 

The oral examination was constituted of the following evaluation: Teeth counting: the 

number of remaining teeth was noticed. Functional units counting: the number of 

occluding pairs of teeth was evaluated asking elderly people to masticate an articulating 

paper that colors the contact areas in blue. Resting salivary flow: Elderly people were 

asked to spit out the saliva into a pre-weighted cup during 10 minutes. Stimulated 

salivary flow: Elderly people were asked to spit out the saliva into a pre-weighted cup 

during 5 minutes while masticating a piece of parafilm. Tongue muscular strength: 

Elderly people were asked to press a pressure probe between the tongue and the soft 

palate. Bite force: Elderly people were asked to masticate a two-colored chewing-gum 

during 20 masticatory cycles, the masticated chewing-gum was analyzed using image 

analysis. 

The self-perceived oral health consisted in asking elderly people to answer the Geriatric 

Oral Health Self-Assessment Index (Slade and Spencer, 1994; Tubert-Jeannin et al., 

2003). 

The chemosensory capability dimension consisted in the following tests: Taste 

perception: Elderly people were asked to taste some water solutions containing plain 
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water, diluted salt or diluted sugar, and to indicate whether they perceived water or a 

taste. A score was established based on their answers. Odor perception: Elderly people 

were asked to sniff bottles containing odors or not, and to indicate whether they 

perceived an odor or nothing. A score was established based on their answers. In-mouth 

aroma release: the mint aroma release was evaluated using atmospheric pressure 

chemical ionization–mass spectrometry, the elderly people were asked to place a mint 

pastille in mouth and to consume it freely.  

The bolus efficiency was evaluated throughout the analysis of a carrot bolus, the elderly 

people were asked to masticate a piece of raw carrot until they felt ready to swallow, 

then to spit the carrot bolus. The bolus characteristics constitute the information for 

bolus efficiency.  

The food behavior dimensions was evaluated throughout a food frequency 

questionnaire containing 17 food categories, and a 5-days dietary record where elderly 

people were asked to weight every food they eat and to report all the information in a 

specific notebook.  

Finally, the nutritional status was assessed throughout anthropometric measurements 

(weight, height), the Mini Nutritional Assessment questionnaire as well as a measure of 

the percentage of fat mass using an impedance device.  

 

To analyze this data, an in-depth analysis of salivary flow rates was performed to 

understand the impact of ageing on salivation, as very few studies have already 

investigated this topic on an independently-living healthy elderly population (article 

presented in Chapter 2 section 1). Then the whole database was analyzed using multiple 

regression analysis in order to understand the relationship between the different 

dimensions (article presented in Chapter 2 section 2). Finally, Partial least square Path 

Modeling analyses were carried on in order to perform a multiple data frame analysis. 

However, the latter analysis were not robust enough to be published, they will not be 

presented in the present thesis.  

4.3. DEVELOPMENT OF A NEW CONCEPT: ORAL COMFORT WHEN EATING A FOOD 

The aim of this task was to explore the concept of oral comfort when eating a food in the 

elderly population; then develop a tool to assess oral comfort when eating a food among 

an elderly panel. 
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4.3.1. UNDERSTANDING THE CONCEPT OF ORAL COMFORT FROM THE ELDERLY POINT OF VIEW 

In order to understand the meaning of oral comfort when eating a food in the elderly 

point of view, 18 elderly people were invited to take part in focus groups, 6 persons per 

focus group, each focus group consisted of three parts: 

1) Brainstorming about oral comfort. The participants were asked the question 

“what comes to your mind when I say “oral comfort”?” and were invited to tell 

out loud the first words that popped-up to their minds.  

2) Personal experience on most comfortable and most uncomfortable food. The 

volunteers were asked to express what were the most uncomfortable food and 

the most comfortable food for them, and describe what makes the food 

uncomfortable or comfortable during its consumption. 

3) Tasting phase. Participants were served with 8 delicatessen and salads (starter 

course), 8 meat and veggie dishes (main course), 8 cheeses and breads (cheese 

course) and 8 sweet products (dessert course). For each course, they were asked 

to choose one uncomfortable and one comfortable food among the eight 

proposals, to taste it, to confirm or not their choice and to describe what makes 

the food uncomfortable or comfortable during its consumption. 

4.3.2. DEVELOPING A QUESTIONNAIRE TO ASSESS ORAL COMFORT WHEN EATING A FOOD 

Following the focus groups and based on its transcription, a questionnaire was 

developed as a tool to assess oral comfort when eating a food. The questionnaire is 

divided into 5 parts and must be presented to volunteers at the same time as a food 

tasting in order to rate oral comfort when masticating and swallowing foods: 

- A first general question on food comfort that the participants answered using a 5-

point scale from “Very uncomfortable” to “Very comfortable.” 

- A second section on bolus formation included five items: the ability to cut the 

food with incisors, the ability to cut the food with premolars, the ability to 

masticate the food, the ability to humidify the food with saliva, and the ability to 

swallow the food. For each item, participants answered on 6-point scale from 

“Impossible” to “Very easy.” This section also included an item on the time 

needed to form the food bolus; participants answered using a 6-point scale from 

“Impossible” to “Very brief.” 
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- A third section on pain perception included five items: burning or spicy 

sensation, muscular pain, articular pain, dental pain and gum pain. For each item, 

participants answered on a 4-point scale from “Extremely” to “Not at all.” 

- A fourth section on texture perception included eight items that were evaluated 

on their intensity: sticky, stringy, greasy, dry, doughy, melting, firm and hard. The 

items were rated on a 4-point scale from “Extremely” to “Not at all.” 

- A fifth section on taste perception included five items: taste intensity and the 

saltiness, sweetness, sour and bitter perceptions. For each item, participants 

answered on a 4-point scale from “Extremely” to “Not at all.” 

4.3.3. VALIDATION OF THE QUESTIONNAIRE ASSESSING ORAL COMFORT OF PRODUCTS DELIVERED 

BY THE INDUSTRIALS’ ALIMASSENS PARTNERS 

Thirty-nine and 40 elderly volunteers that were included in the AlimaSSenS project 

were selected to rate oral comfort when eating cereal-based and meat-based products 

respectively. The recruitment criteria were the following: older than 65 years old, no 

acute pathological episodes at the time of the experiment, scoring at least 24 on the mini 

mental state evaluation (MMSE) (Folstein et al., 1975). In each group, we managed to 

have volunteers ranging from a poor to a good oral health, based on the number of 

functional units (i.e. a pair of posterior antagonist teeth that had at least one contact 

area during chewing) and salivary flows (Leake et al., 1994; Gupta et al., 2006). Six 

cereal-based and six meat-based products were chosen in order to have contrasted 

textures, each volunteer was asked to rate oral comfort on either the six cereal-based or 

the six meat-based products during a one-hour session at the laboratory. 

4.4. CULINARY TECHNICS’ IDENTIFICATION AND DEVELOPMENT 

The aims of the present task were: 

1) To identify culinary techniques that aim at improving food texture adapted to 

elderly people with oral health impairments while preserving food intake 

2) To validate those culinary techniques using physical measurements as well as 

asking elderly people to rate oral comfort.  

The choice was made to work on meat texture as it is a commonly eaten food by the 

elderly population and it is a great source of proteins, necessary for muscle enforcement. 

Indeed, meat is a highly digestible source of proteins that can prevent muscle loss or 
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sarcopenia. Reduction in meat consumption due to eating difficulties contributes 

significantly to the lower daily intake of proteins observed in the elderly population. One 

of the reasons for lower consumption of meat among the elderly is linked to the sensory 

and texture properties of such food products, with difficulties in elderly people suffering 

from masticatory dysfunction to consume actual food products. Giving advices on how to 

improve meat texture at home constitute an important challenge. 

In order to identify culinary techniques that could improve meat texture, the first step 

was to prospect among food service professionals and butchers. Following the interview 

of several professionals met at exhibitions or directly at workplaces, the identified lever 

to improve meat texture were the following:  

• The choice of the pieces of meat i.e. age of animals, kind of muscle etc. 

• Meat preparation i.e. marinade, tenderizer 

• Cooking conditions i.e. oven temperature, cooking bag etc. 

• Before eating i.e. let rest the meat before serving 

It was decided to work on three different kinds of meat: chicken breast, roast beef and 

beefsteak. Those three meats are commonly eaten in France and their cooking modes 

require two common techniques: the oven and the frying pan. 

The culinary techniques that were selected for the experiment were the following: 

• Blade tenderization: the meat was perforated with sharpened edged blades being 

closely spaced in order to cut muscle fibers (Figure 6); 

• Marinade: the meat was left on a marinade mad or soy sauce and water for 2 to 4 

hours depending on the kind of meat; 

• Cooking bag: the meat was put into a cooking bag to preserve tenderness of the 

muscles (for chicken breast and roast beef only, see Figure 7); 

• Cooking temperature: the samples were cooked either at high or low 

temperature in the oven (220°C and 110°C respectively, for chicken breast and 

roast beef only). 
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Figure 6. Blade tenderizer Hendi Profi Line 51 blades used for the present study 

Figure 7. Cooking bag Albal® used for the present study on chicken breast and roast beef 
samples 

 

As a first step, the culinary techniques were evaluated using physical measurements (i.e. 

shear force and water content) in order to select the most efficient techniques. The latter 

were presented to an elderly panel who was asked to assess oral comfort when eating 

the samples, using the oral comfort questionnaire. 
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CHAPTER 2: ORAL CHARACTERISATION OF ELDERLY PEOPLE 

1. SALIVATORY CHARACTERISTICS OF THE POPULATION 
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2. CHARACTERIZATION OF THE STUDIED POPULATION 
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GENERAL DISCUSSION 

The general objective of the present thesis was to understand what oral health factors 

have an impact on the physiological and psychological dimensions of eating a food, in 

order to identify culinary techniques that could preserve food intake in elderly people 

having a poor oral health. Three secondary objectives were brought up from this general 

objective, corresponding to the three chapters developed previously: 

1) To recruit a panel of independently living elderly people; to characterize them 

in terms of oral health status, food oral processing, food behavior and 

nutritional status; to analyze data in order to identify the relationships 

between oral health and eating dimensions; 

2) To define the concept of oral comfort when eating a food for elderly people; to 

develop a tool in order to assess oral comfort among the elderly population 

with or without oral health impairments; to use the questionnaire to assess 

oral comfort when eating cereal-based or meat-based products; 

3) To prospect culinary technics that could improve food texture; to evaluate the 

culinary techniques using physical measurement and asking elderly people to 

rate oral comfort using the food comfortability questionnaire. 

1. OBJECTIVES AND MAIN RESULTS 

1.1. ORAL HEALTH CHARACTERIZATION 

The first objective, developed in chapter 2, was i. to recruit a panel of independently 

living elderly people; ii. to characterize them in terms of oral health status, food oral 

processing, food behavior and nutritional status; iii. to analyze data in order to identify 

the relationships between oral health and eating dimensions. 

The main results of this chapter were: 

• A large variability was observed in salivary flow rates of elderly people but on 

average, a 38.5% reduction in the resting salivary flow and a 38.0% reduction in 

the stimulated salivary flow were observed in healthy elderly people compared 

with young adults; 
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• Every component of the oral sphere has its importance in food oral processing, 

ones should not consider teeth by themselves when investigating the impact of 

oral health on food oral processing in elderly people. 

While most of the papers that investigate the relationship between oral health and 

eating behavior focus on dental status, the present thesis underlines the importance of 

other parameters of oral health. Mastication showed indeed to be a complex process that 

involves the different components of the oral apparatus including salivation. According 

to the results, dental status had an impact on raw vegetable consumption while salivary 

status had an impact on protein, carbohydrate, fiber and calcium intake. Furthermore, 

masticatory ability had an impact on protein, calcium and vitamin D intake. 

To go further on this work, it would be interesting to deeper investigate the collected 

data and perform a rigorous data analysis on both data issued from the oral health 

characterization and data issued from the 5-day dietary record. A large amount of data 

was indeed collected during this thesis, and an in depth analysis could not be performed 

due to lack of time. Analyzing deeper the eating behavior of the AlimaSSenS panel could 

bring some interesting information on eating habits of elderly people in general. 

Furthermore, as hypothesized in the article “Impact of oral health and chemosensory 

perception on food oral processing and food intake in healthy elderly people” presented 

in Chapter 2 Part 2 of the present thesis, analysis of food and nutrient intake might not 

be accurate enough to detect differences between poor and good oral health volunteers 

in terms of food behavior. A different categorization of foods, such as categorizing food 

into two groups representing “easy to chew” and “hard to chew” foods, could be more 

appropriate and give indices in the difficulties encountered when eating. Indeed, inside 

the meat category for example, some elderly people will eat a hard to chew beef steak 

while some other will eat ground meat knowing that they are not able to chew plain 

meat. This difference might be perceived as slight but could have its importance as it is 

not brought out when food is categorized based on its standard classification i.e. meat, 

fruits, vegetables etc. Therefore, using a different classification of food using its physical 

properties might lead to some different and very interesting results. 
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1.2. ORAL COMFORT WHEN EATING A FOOD 

The second objective, developed in chapter 3, was i. to define the concept of oral comfort 

when eating a food for elderly people; ii. to develop a tool in order to assess oral comfort 

among the elderly population with or without oral health impairments; iii. to use the 

questionnaire to assess oral comfort when eating cereal-based or meat-based products. 

The main results of this chapter were: 

• Oral comfort when eating a food is a multidimensional concept that includes food 

bolus formation, painful sensations as well as a texture and flavor appreciations; 

• Considering oral comfort when eating a food seems essential when developing 

food tailored for elderly people. 

• Oral health does not seem to play a crucial role when assessing oral comfort 

when eating a food.  

Through the running of focus groups and the development and validation of a 

questionnaire that evaluates the oral comfort when eating a food, the oral comfort 

concept was defined as the following: “When eating, oral comfort mainly depends on 

easiness to chew, to humidify and to swallow as well as on texture softness. Oral pain 

sensations that occur when eating decrease oral comfort. Beyond these first dimensions, 

oral comfort also tends to be lower for dry and little melting textures, as well as for low 

taste intensity foods”. Furthermore, the use of the oral comfort questionnaire on every-

day products revealed interesting results: some foods supposed to fit with elderly 

peoples capacities and needs (ground beef and protein enriched milk roll) did not 

appear as being the most comfortable products among the tested food. Thus, the oral 

comfort questionnaire will be a precious tool when improving or developing new 

products for the elderly people, as taking into account elderly people’s considerations 

might help in developing well adapted products. In addition, very few effects of dental 

status were observed on the assessment of oral comfort, which could be explained by 

the fact that elderly people may have adapted their food oral processing as oral health 

deterioration is a long acting process.  

To go further on this work, it could be interesting to better control the parameters 

during tasting sessions such as the amount of water drunk during food consumption, the 

number of chews necessary to form a swallowable food bolus or even muscle activity 

when chewing the foods. In that way, masticatory pattern differences between elderly 

people with a good oral health and elderly people with a poor oral health might be 
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highlighted and the complex mechanic of mastication could be better understood. In 

addition, the matrices that were used in the present work were very different in terms of 

texture characteristics. It could be interesting to investigate foods which display a 

smaller sensory difference. This work was performed on meat-based products 

(presented in chapter 4) and on meat-based, cereal-based and dairy products in the 

work package 4 of the AlimaSSenS project  

1.3. DEVELOPMENT OF CULINARY TECHNIQUES TO IMPROVE MEAT TEXTURE 

Finally the third objective, developed in chapter 4, was to prospect culinary technics that 

could improve food texture; to evaluate the culinary techniques using physical 

measurement and asking elderly people to rate oral comfort using the food 

comfortability questionnaire. 

The main results of this chapter were: 

• Some easy-to-do at home culinary techniques, i.e. blade tenderization, marinade 

and cooking temperature, improve meat texture significantly; 

• Similar results were observed when asking a panel of elderly people to assess 

oral comfort when eating the meats. 

This study was the very first one investing the impact of easy-to-do at home culinary 

techniques on meat texture, asking elderly consumers to assess oral comfort. The results 

showed that there is no need to invest into expensive cooking utensils or tire ourselves 

cooking for hours as simple technics showed a significant improvement on meat texture 

and oral comfort. As an example, roast-beef samples were significantly improved in 

terms of shear force, water content and oral comfort when they were blade-tenderized, 

marinated then cooked at low temperature.  

As a first perspective, it would be interesting to investigate a broader set of culinary 

techniques, on a various number of foods. Several authors have indeed shown that 

elderly people with dental impairments eat less fruits and vegetables (Lee et al., 2004; 

Kim et al., 2007; Ervin and Dye, 2009; De Marchi et al., 2011; Tsai and Chang, 2011; 

Inomata et al., 2014), nuts (Marcenes et al., 2003; Lee et al., 2004; Kimura et al., 2013) or 

even meat (Lee et al., 2004; Savoca et al., 2010). Therefore, exploring the culinary 

techniques that could have an impact on those foods’ texture could be helpful for elderly 

people not being able to eat them as it is commonly prepared.  
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Finally, it is important to keep in mind that this project was created and performed with 

and for the elderly population. Therefore, it seems necessary to communicate towards 

them in order to make visible the obtained results. As a first step, it would be very 

interesting to contact the French national program for nutrition and health and help 

them updating their guidebook. They indeed created a series of guidebooks, each of 

them adapted to one segment of the French population. One of them concerns 

independently living elderly people and aims at helping them to maintain themselves in 

good health thanks to food and nutrition. This guidebook is unfortunately incomplete 

when talking about oral health impairments as no advice was given on how to adapt 

food in that case. Therefore, setting up a partnership with them could be interesting to 

enrich their guidebook for independently living elderly people. As a second step, it 

would be interesting to communicate towards catering professionals that work for 

elderly people, such as cooks working in retirement homes. Nowadays, very few options 

exist for elderly people that have dental or salivary impairments but no swallowing 

disorders; therefore for those who are not supposed to eat pureed food. Most of the 

culinary techniques identified in the present work could be performed in institutions’ 

kitchens, do not require a large amount of work, and could help elderly people with oral 

impairments but not willing to eat pureed food to keep eating all kind of food thanks to 

texture improvement. A communication strategy should therefore be set up in order to 

help enhancing quality of life in retirement homes. 

2. CONSIDERATIONS AND PERSPECTIVES 

2.1. IS DENTAL STATUS REPRESENTATIVE OF ORAL HEALTH? 

Many studies investigated the impact of oral health on food behavior in an elderly 

population, however very few simultaneously evaluated masticatory, salivary and 

chemosensory functions in the same sample. Thus, the results of the present thesis 

showed that it is essential to consider oral health as a multidimensional entity, including 

dental status but also salivation and masticatory ability. Furthermore, while some 

studies have investigated the impact of oral components (e.g. dental status, salivary 

flow) on the efficiency of oral processes (e.g. chewing performance, bolus formation) 

and others investigated the impact of oral components on nutritional variables (e.g. food 

or nutrient intake), none considered oral components, oral processes and nutritional 
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variables in one experiment (see Tada and Miura (2014); Muñoz-González et al. (2017) 

and Kiesswetter et al. (in press) for reviews). Once again, the results of the present 

thesis tend to demonstrate that oral health status and food oral processing should be 

considered as a whole when exploring elderly people’s food behavior. 

Indeed, when investigating the impact of oral health on food oral processing and food 

intake, the results showed that each oral health factor had its importance in the food 

oral process. While a dental status effect was observed on olfactory capacities and on 

raw vegetables consumption, saliva effects were observed on food bolus formation and 

on some nutrient intakes. Furthermore, other parameters such as tongue strength, odor 

perception or masticatory ability were observed on nutrient intakes. Therefore, each 

oral factor seems to play a role in food oral processing and food consumption. In 

addition, when developing the concept of oral comfort when eating a food, the impact of 

dental status and salivation on food comfort perception was investigated. The results 

showed some dentition effect as well as some saliva effect on some texture descriptors. 

Even though few effects were observed in total, the results still highlight the importance 

of both oral health factors on oral comfort when eating a food. Finally, the study on 

culinary techniques highlighted some dentition effect as well as some resting and 

stimulated saliva effects on the subdimensions of oral comfort when eating a food. As for 

the previous study, the dental status and the salivary status did not impact on the same 

oral comfort descriptors. These results prove again that salivary status is as important 

as dental status in food oral processing. 

Therefore, studying dental status only is not sufficient to fully understand the complex 

mechanism of mastication, when investigating the impact of oral health on food 

consumption.  

To go further on the exploration on oral health, three main perspectives can be 

considered and could be set-up for future research.  

2.1.1. SPECIFIC TESTS FOR THE EVALUATION OF ELDERLY PEOPLE’S ORAL HEALTH 

Some of the measurements performed in the present study were not developed for the 

elderly population specifically. As an example, the masticatory ability test was 

developed on the adult population in general. It was created assuming that people 

masticate food with their pre-molars and molars; the test was indeed based on the 

masticatory pattern of a normo-dentate population. In the AlimaSSenS panel, some of 
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the elderly people do not have or have very few remaining pre-molars and molars. 

Therefore, they do not masticate food using these teeth but using other teeth such as 

incisors or canines or using their gum. Thus, it was decided to adopt a new strategy in 

terms of data analysis in order to optimize the representations of bolus structures. 

Indeed, the median particle size – used as the determinant data for masticatory ability 

classification (Woda et al., 2010) – was sometimes similar for two elderly persons who 

formed very different food bolus (Figure 8). While some persons formed a bolus with 

many median size particles, others formed a bolus made of some very small particles 

and some very big particles, which leads to a median particle size close to the first ones. 

In order to adapt this test to our population, we had to take into account other 

parameters to highlight food bolus heterogeneity, not initially included in the test.  

 

Figure 8. Two carrot bolus with a similar D50 but with different number of particles and time 
of mastication. 

2.1.2. ORAL HYGIENE AND MASTICATORY PATTERN, SOME ADDITIONAL INTERESTING 

MEASUREMENTS 

Some other measurements that can be found in the literature could be performed to 

complete the oral health characterization. For example, the analysis of oral hygiene has 

not been performed in the present study but could be a good indicator for oral health 

characterization. Indeed, several authors have shown that dental plaque on tooth 

surfaces contains bacteria, leukocytes, desquamated oral epithelial cells and food debris, 

those malodors result in anaerobic fermentation which can have an impact on taste 

Subject 031: 0 functional units 

- 91 particles 
- Time of mastication : 77 sec 
- D50 = 1.16 mm 

Subject 032: 4 functional units 

- 526 particles 
- Time of mastication : 26 sec 
- D50 = 1.35 mm 
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perception (Langan and Yearick, 1976; Hughes and McNab, 2008). In the study 

conducted by Langan and Yearick (1976), institutionalized elderly people were 

recruited to evaluate the impact of oral hygiene on taste perception; the authors 

concluded on a positive impact of oral hygiene treatment on taste perception. Regarding 

the presence of mucosal lesions, very few studies were conducted but in their study, 

Smith and Sheiham (1979) reported that difficulty of chewing was observed in 30% of 

the elderly having oral lesions. Regarding the presence of in-mouth mycosis, only one 

study investigated its relation to nutritional status (Paillaud et al., 2004). The authors 

showed that elderly people with oral candidiasis had lower daily energy and protein 

intakes compared to elderly people without oral candidiasis. Finally, the oral 

microbiome could play a role in food behavior, directly or indirectly. Solemdal et al. 

(2012) studied the influence of oral bacteria on taste perception on an elderly 

population and showed that the patients with high growth of oral bacteria had impaired 

sour taste. Furthermore, there is a well-known relationship between oral microbiome 

and caries and periodontitis, which are bacterial diseases (Wade, 2013; Costalonga and 

Herzberg, 2014); those diseases being related to loss of tooth (McFall, 1982; Desvarieux 

et al., 2003). Therefore, investigating the elderly’s oral hygiene could have brought some 

new information regarding oral health and food behavior. 

A second example of measurement that could be performed in future studies is the 

electromyography. It is well known that electromyography parameters evolve with 

ageing and can depend on dental status but also on food characteristics (Veyrune and 

Mioche, 2000; Mioche et al., 2002; Kohyama et al., 2003; Peyron et al., 2004). 

Investigating the electromyography activity of our elderly panel might bring some 

information on masticatory pattern and should strengthened data already obtained on 

masticatory ability.  

2.1.3. A FOCUS ON A SINGLE PRODUCT UNIVERSE 

The present study aimed at characterizing an elderly panel in terms of oral health, 

therefore the choice was made to use validated tests for oral health assessment. 

However, those tests seemed to be too general to predict the intake of one food in 

particular, as few effects of oral health were observed on food and nutrient intake. 

Therefore, to complete this data it could be interesting to investigate a single product 

universe in order to fully understand food oral processing of one specific food. Indeed, 
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the different measurements performed in the present study used several devices a piece 

of parafilm® for stimulated salivary flow measurement, a piece of raw carrot for the 

evaluation of masticatory ability and a mint pastille for aroma release measurement. 

Even though the retrieved data allowed an oral health characterization, it does not give 

information on food oral processing and food consumption of a food matrix in particular. 

Thus, the idea would be for example to investigate meat products, and to perform tests 

when eating a piece of meat such as measuring muscle activity and salivary flows, 

studying bolus structure, evaluating the aroma perception or assessing oral comfort. 

When confronting to the oral health data, these results might bring relevant information 

on difficulties encounter when eating hard to chew food. This data should also be 

confronted to the information we retrieved on food consumption such as meat 

frequency consumption or the daily meat consumption in quantity.  

2.2. WHY IS THERE ONLY FEW EFFECT OF ORAL HEALTH ON FOOD CONSUMPTION AND 

ORAL COMFORT PERCEPTION? 

Fewer effects of oral health than expected were observed on oral comfort perception in 

the present thesis. Indeed, when assessing oral comfort on cereal-based and meat-based 

products, the results showed that dental effect and saliva effect were observed on very 

few descriptors of the subdimensions of oral comfort. In addition, few effects of oral 

health were observed on food and nutrient intake. Similar results can be found in the 

literature, which were highlighted in a recent literature review (Kiesswetter et al., in 

press). As an example, the literature review highlighted that among the included studies, 

1 and 8 observed an impact of oral health on meat and protein intake respectively out of 

the 9 and 15 studies which investigated these relationships (Österberg and Steen, 1982; 

Sheiham and Steele, 2001; Marshall et al., 2002; Österberg et al., 2002; Marcenes et al., 

2003; Lee et al., 2004; Yoshihara et al., 2005; Inomata et al., 2014; Iwasaki et al., 2014). 

Some of the studies that have investigated the impact of oral health on food behavior 

recruited thousands of volunteers, performed a great amount of measurements, but in 

most cases very few effects of oral health was observed on food behavior.  

One explanation to these results could be that the present study, as well as the studies 

included in the literature review, recruited healthy elderly people only. Indeed, the 

inclusion criteria of the present study were: living at home, no acute pathological 

episodes neither at the time of the experiment nor in the recent past, scoring at least 24 



GENERAL DISCUSSION 

180 
 

on the Mini Mental State Evaluation. Therefore, even though part of the studied 

population had a poor dental status, all of the volunteers were in general good health 

with no acute pathologies and not in critical mental state.  

 

It could be hypothesized that elderly people in good general health are able to 

compensate better their poor oral health. Interestingly, the elderly people of our panel 

that were in poor oral health did not consider themselves as having a poor oral health. 

This hypothesis results from four considerations. First, in a complementary AlimaSSenS 

study, some focus groups were organized in order to investigate food consumption 

among elderly people. Some volunteers had a good oral health and some other had a 

poor oral health, but all of them were in good general health following the same 

recruitment criteria as previously described. During the focus group with elderly people 

in poor oral health, none of the volunteers evoked oral health difficulties when eating 

food, whether during the consumption of dairy, cereal-based or meat-based products. 

Second, an interview of an AlimaSSenS volunteer was organized as a communication 

strategy; the production manager recruited specifically a lady with a poor oral health in 

order to ask her some questions about difficulties encountered when eating food. 

Contrary to what was expected, when the lady was asked what the most difficult food to 

eat was for her, she answered that she could not eat grape seed anymore due to 

digestion troubles. At any time she mentioned difficulties during food oral processing 

while we knew she had a very poor oral health with few teeth left in the mouth. Third, 

when assessing oral health self-perception among the panel, the results showed that the 

scores varied from 34 to 60 out of 60. All the participants, whether they had a good or a 

poor oral health, evaluated their oral health as good. When comparing oral health self-

assessment and masticatory ability, the results showed that some elderly people were in 

the poor masticatory ability group (production of a carrot bolus with few and big 

particles) but evaluated their oral health as good (60/60 on the Good Oral Health 

Assessment Index). On the contrary, others had a Good Oral Health Assessment Index 

score of 48/60 and were in the good masticatory ability group (Production of a carrot 

bolus with many and small particles) (Figure 9).  
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Figure 9. Two carrot bolus of an elderly volunteer in the poor masticatory group and an elderly 
volunteer in the good masticatory group. 

Finally, the results of the present study showed no correlation between the assessment 

of dry mouth and salivary flow rates, either for resting or stimulated salivary flow rated. 

Only one volunteer rated himself as having a dry mouth (score of xerostomia = 27.2/80); 

none of the other volunteers seemed to be complaining about dry mouth while some 

very low salivary flow rates were measured.  

To conclude, the hypothesis would be that the oral health self-perception might be 

overestimated when people are in good general health; the burden of a poor oral health 

is greater in elderly people presenting a poor general health compared to elderly in a 

good general health. Maybe, compensation mechanisms that occur when ones is in good 

oral health are less efficient with a poor general health, which highlights difficulties 

encountered when eating. 

In addition, it is to be noted that no information was retrieved regarding volunteers past 

in terms of oral health. Most of the volunteers in poor oral health have probably had a 

continuous oral degradation, which is less traumatic than experiencing oral 

impairments all of a sudden due to a particular event. They may have had the time to 

adopt an adapted behavior in terms of food consumption. 

Subject 115: 2 functional units 

- 143 particles 
- D50 = 2.28 mm 
- GOHAI score = 60/60 
- Poor masticatory group 

Subject 193: 3 functional units 

- 313 particles 
- D50 = 1.82 mm 
- GOHAI score = 48/60 
- Good masticatory group 
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Therefore, a perspective would be to recruit frailer volunteers: 1) elderly people with a 

poor general health but in good mental health, 2) elderly people with a good general 

health but in poor mental health, 3) elderly people in poor general health and in poor 

mental health. Interviewing frailer elderly people might bring some new interesting 

information regarding oral health self-perception and its relationship with food oral 

processing and food and nutrient intake, and observing this recruitment order would 

help understanding the impact of general health and mental health in compensation 

mechanisms. However, it may be challenging to recruit elderly people in poor general 

health as they are less movable and less willing to invest themselves into research 

studies. Furthermore, it would require a different strategy in terms of measurements as 

an at-home recruitment might be needed. In addition, collecting information using 

questionnaire may be challenging as elderly people with an impaired mental status are 

usually not able to answer properly and it is difficult to assess the veracity of the 

answers. The only way to evaluate food consumption among this population is to 

perform an interventional study in order to weigh the plates before and after food 

consumption to estimate the eaten quantities. These kinds of studies are very time and 

resource consuming, which could explain why very few studies have been performed on 

this specific population.  

2.3. IS IT REALLY NECESSARY TO DEVELOP FOOD WITH A TEXTURE ADAPTED TO ELDERLY 

PEOPLE’S ORAL HEALTH? 

The aim of the present thesis was to identify oral health factors that have an impact on 

food oral processing and food behavior. Having investigating this topic, one can wonder 

whether it is necessary to develop a food offering adapted to elderly people’s oral health 

or not. In other words, can the elderly people deal with the oral impairments that occur 

with ageing or would it be easier for them to eat food with an adapted texture? 

The results of the present study lead to think that developing a food offering for the 

elderly population is really important. During the assessment of oral comfort on cereal-

based and meat-based products, whether the volunteers had a good or a poor oral 

health status, elderly people rated the plain and the ground beefsteaks as less 

comfortable than the other products. The first one was rated as harder than the other 

samples; the second was rated as drier than the other samples. While the samples with a 

melting texture and that were easy to moisten with saliva and to masticate were 
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considered as the most comfortable products, the ones with a dry and hard texture were 

rated as the less comfortable products due to the difficulties encountered when forming 

the food bolus.  

These results are the proof that texture acceptability is essential when eating food. 

Unfortunately, texture evaluation is often left aside in sensory analysis compared to 

flavor perception; very few studies have indeed investigated the impact of ageing on 

texture perception (Veyrune and Mioche, 2000; Mioche, 2004) while studies having 

investigated the impact of ageing on taste and flavor perception are profuse (Stevens 

and Lawless, 1981; Stevens and Cain, 1993; Rawson, 2006). Therefore, the impact of 

ageing on texture perception remains unclear while texture perception is probably a 

crucial aspect during food consumption in all ages; but may be even more important for 

the elderly population as food oral processing ability decreases with ageing whether is it 

due to dental, saliva or other oral health impairments. While some solutions are 

developed to partially compensate the loss of teeth, nothing exists to fight against the 

decrease in salivary flow rate; thus the present study highlighted a 38.5% reduction in 

the resting salivary flow and a 38.0% reduction in the stimulated salivary flow in healthy 

elderly people compared with young adults.  

Therefore, developing products with an adapted texture to meet elderly people’s 

expectations in terms of texture properties seem to be a priority in the context of the 

ageing population in developed countries; and researches are needed to define elderly’s 

needs for each food category. 

However, to make sure the development of new products will reach its main objective, 

which is to say being consumed by the elderly population in order to improve mealtime, 

it seems necessary to develop a marketing strategy to make sure the concerned 

population will understand the purpose of the products.  

According to a complementary study lead in the AlimaSSenS project, reaching elderly 

people with advice seems more challenging than expected. Some focus groups were 

performed in order to investigate the commercial messages that could be written on 

products tailored for elderly people, among the recruited volunteers, some had a good 

oral health and others had a poor oral health. The results of the focus groups showed 

that elderly people were not concerned by the theme “senior”. When asking them 

whether or not they would buy a product with the mention “adapted to seniors’ needs”, 

the answer was no. However, they easily think of the utility of those products for their 
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older relatives such as institutionalized or hospitalized parents. “I am still young, I do 

not consider myself as a senior”, “I don’t know what the word senior means, it does not 

mean anything to me” and “for me, senior is an administrative word, it’s good for having 

discount on the train but anyhow I am not senior” are common sentences that could be 

heard during the focus groups. Consequently, there is a real concern on how to reach 

elderly people that do not think they are being affected by oral health problems but 

might be anyway, and how to deliver the message in order to improve meal time.  
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GENERAL CONCLUSION 

The present thesis aimed at understanding what oral health factors (dental, salivary, 

muscular) have an impact on the physiological and psychological dimensions of eating a 

food, in order to identify culinary techniques that could preserve food intake in elderly 

people having a poor oral health. The results showed that food and nutrient intake are 

influenced by oral factors, however dental status, tongue muscular strength or salivary 

status do not play the same role on food intake and elderly’s corpulence. From that data, 

culinary techniques to improve meat texture were investigated and blade-tenderization, 

marinade and low cooking temperature were identified as pertinent culinary techniques 

to improve meat texture according to physical measurements and oral comfort 

assessment by an elderly panel; oral comfort being defined as a multidimensional 

concept that includes food bolus formation, painful sensations as well as texture and 

flavor appreciations. Those results will allow enhancing elderly’s quality of life when 

eating meat, whether or not they encounter oral health impairments. Other culinary 

techniques should be explored in order to offer a broader set of advices to elderly people 

that encounter difficulties when eating foods. Finally, the attention should be brought on 

communication strategies in order to make the results visible and help elderly people 

with oral impairments to enhance their mealtime both in terms of nutrition efficiency 

and also in pleasure. 
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RÉSUMÉ SUBSTANTIEL 

INTRODUCTION 

La proportion de personnes âgées est en constante augmentation dans le monde. 

Représentant 8.5% de la population en 2016, le taux devrait atteindre 17% en 2050 ; 

soient 1.6 billion de personnes (He et al., 2016). Si les personnes âgées vivent de plus en 

plus longtemps et en meilleur santé dans la plupart des pays développés, ces derniers 

voient apparaître de nouveaux problèmes de santé publique qui y sont liés. Un de ces 

problèmes, déjà rencontré dans bon nombre de pays développés, est la dénutrition. La 

dénutrition résulte d'un déséquilibre entre les besoins du corps humain et les apports 

nutritionnels. Chez la personne âgée, elle est souvent liée à une consommation 

insuffisante d'aliments et se traduit par une perte de poids, en particulier de masse 

musculaire. Trop souvent ignorée, la dénutrition induit ou aggrave un état de fragilité 

et/ou de dépendance chez la personne âgée. Elle affecte sa qualité de vie et son 

espérance de vie. Le développement de produits alimentaires adaptés aux séniors se 

profile donc comme étant une des solutions pour lutter contre la dénutrition, c’en est 

même une recommandation du World Health Organisation. C’est dans ce contexte qu’est 

né le projet AlimaSSenS : vers une offre alimentaire adaptée et saine à destination des 

populations séniors. Le principal objectif du projet AlimaSSenS est de développer et de 

fournir une offre alimentaire adaptée spécifiquement à la population âgée (au moins 65 

ans) vivant à domicile. Les objectifs spécifiques sont les suivants : 

• Connaître le lien entre physiologie orale, sensibilité sensorielle et confort à 

consommer des aliments chez le sujet âgé 

• Comprendre l'importance des facteurs socio-économiques dans les choix 

alimentaires de la personne âgée en lien avec ses difficultés à manger 

• Elaborer des aliments afin de procurer du plaisir à manger mais aussi de fournir 

des apports nutritionnels suffisants 

• Proposer une offre alimentaire de qualité accessible à toutes et à tous 

Cette thèse fait partie intégrante du projet AlimaSSenS, et plus spécifiquement du Work 

Package 1 qui a pour objectif de comprendre l’impact de la santé orale sur la 

dégradation de l’aliment en bouche et leurs conséquences sur le plaisir à manger et la 

prise alimentaire, chez la personne âgée.  
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CHAPITRE 1. ETAT DE L’ART 

Afin de mieux comprendre l’impact de l’âge sur la dégradation des aliments en bouche, il 

semble nécessaire d’identifier les différents paramètres oraux impliqués lors de la 

mastication d’aliments, paramètres qui peuvent être impactés avec l’âge.  

LA MASTICATION 

La fonction masticatoire joue un rôle déterminant dans la dégradation de l’aliment en 

bouche, il participe en effet de manière clé à la formation d’un bol alimentaire prêt à être 

avalé (Mioche, 2004). Premièrement, chaque dent a un rôle spécifique dans la 

déstructuration de l’aliment : les incisives ou les canines coupent l’aliment lorsqu’il est 

mis en bouche, puis les molaires le cisaillent ou le broient afin de le réduire en bol 

alimentaire. De plus, ces dents sont chacune reliées à des mécanorécepteurs qui 

envoient un signal au cerveau sur les caractéristiques de l’aliment à mastiquer 

(Trulsson, 2006). Enfin, les muscles masticatoires permettent à la mâchoire de s’ouvrir 

et de se fermer, régulant les forces de mastication (Wood, 1987).  

Avec l’âge, les différentes entités de la mastication peuvent être affectées, entraînant des 

modifications dans le comportement masticatoire. La perte de dents, le port de dentier 

mais également le déclin des forces musculaires peuvent induire des changements lors 

de la dégradation des aliments en bouche. De plus, certains auteurs ont mis en évidence 

le fait qu’avec l’âge, les cycles masticatoires pouvaient être impactés (Karlsson and 

Carlsson, 1990; Peyron et al., 2004).  

Ces modifications physiologiques peuvent perturber la perception des aliments, et donc 

la prise alimentaire de manière plus générale. En effet, certains auteurs ont montré que 

la perception de la texture mais également la perception des flaveurs pouvaient être 

perturbés avec le déclin de la capacité masticatoire (Manly et al., 1952; Burdach and 

Doty, 1987; Duffy et al., 1999; Veyrune and Mioche, 2000; Nalcaci and Baran, 2008). De 

plus, des études ont montré que la perte de dents ou le port de dentier pouvait affecter 

le comportement alimentaire (Geissler and Bates, 1984; Brodeur et al., 1993; Joshipura 

et al., 1996; Kagawa et al., 2013). En effet, la plupart des études ont mis en évidence le 

fait qu’un mauvais état bucco-dentaire était lié à une diminution d’apports en 

nutriments par rapport à une population en bonne santé bucco-dentaire (Ernest, 1993; 

Sahyoun et al., 2003; Hung et al., 2005; Yoshihara et al., 2005; Cousson et al., 2012). 
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LA SALIVATION 

La salive est un fluide physiologique qui joue un rôle crucial dans la préservation et le 

maintien de la santé orale ainsi que dans le confort en bouche (Carpenter, 2012). La 

salive est sécrétée par trois glandes salivaires majeures et une multitude de glandes 

salivaires mineures à travers la cavité orale (Christensen, 1986). Lors de la 

consommation d’un aliment, la salive permet la perception de sensations orales (le goût, 

la viscosité, la jutosité, astringence, etc.) mais également la libération des arômes en 

bouche (Fischer et al., 1994; Engelen et al., 2007; Dsamou et al., 2012). De plus, la salive, 

conjointement à la mastication, transforme l’aliment en un bol prêt à être avalé (Prinz 

and Lucas, 1997). En effet, la salive humidifie les particules d’aliment et les mucines 

salivaires permettent d’agglomérer les particules entre elles. Enfin, la salive dilue et 

enlève les substances de la cavité orale après déglutition, jouant ainsi un rôle de 

nettoyant (Lagerlof and Oliveby, 1994; Lenander-Lumikari and Loimaranta, 2000). 

Il a été démontré que l’effet cumulé de l’âge de de facteurs associés tels que la perte de 

dents, la prise de médicaments ou encore certaines pathologies pouvait avoir un impact 

sur le flux salivaire (Dormenval et al., 1998; Bardow et al., 2001; Chu et al., 2015). 

Cependant, il a été récemment montré que l’âge lui-même pouvait induire une 

diminution du flux salivaire (Vandenberghe-Descamps et al., 2016).  

Il se peut que cette diminution du flux salivaire entraîne des modifications du 

comportement alimentaire chez la personne âgée. Une récente revue systématique de la 

littérature résume la littérature existante sur le lien entre faible salivation et prise 

alimentaire chez la personne âgée (Muñoz-González et al., 2017). Cette revue 

systématique de la littérature montre qu’il existe un lien entre le manque de salive et les 

capacités à mastiquer et à avaler, la perception des flaveurs, la perte d’appétit, la prise 

alimentaire mais également le statut nutritionnel. Cependant, la littérature sur le sujet 

reste minime, des études longitudinales seraient nécessaires pour confirmer les 

résultats publiés à ce jour. 

LA DEGLUTITION 

La déglutition est l’acte d’avaler un aliment, une boisson ou sa salive. Composée de 4 

phases (phase orale, phase de transit oral, phase pharyngée, phase œsophagienne), 

chacune participe à son tour à l’envoi du bol alimentaire vers l’estomac (Schindler and 

Kelly, 2002; Lambert and Ménage, 2013). 
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Avec l’âge, chacune des phases de la déglutition peut être impactée, principalement dû à 

une diminution de la force musculaire. Durant la phase orale, la diminution de la force 

musculaire peut entraîner une mauvaise préparation du bol alimentaire, ce qui peut 

mener à des troubles de la déglutition. En revanche, peu d’effet des mobilités linguale et 

labiale sur la formation du bol ont été observés à ce jour (Baum and Bodner, 1983; Crow 

and Ship, 1996). Lors de la phase pharyngée, il peut être observé un ralentissement du 

réflexe de déglutition avec l’âge, mais également une diminution de l’amplitude et de la 

vitesse du mouvement péristaltique (Tracy et al., 1989; Robbins et al., 1992; Lesourd, 

2006), ce qui réduit la vitesse de passage du bol et pourrait augmenter le risque de 

fausse route. Enfin, la phase œsophagienne semble moins affectée par l’âge mais 

pourrait présenter des disfonctionnements au niveau du sphincter supérieur (Shaker 

and Lang, 1994; Ren et al., 1995; Achem and Devault, 2005).  

Si très peu d’études ont étudié le lien entre ces modifications physiologiques et la 

perception des aliments (Bisch et al., 1994), il est avéré que les modifications 

physiologiques liées à l’âge peuvent avoir des conséquences sur la prise alimentaire 

(Sura et al., 2012). Lorsque les personnes âgées rencontrent des troubles de la 

déglutition, il leur est proposé une alimentation à texture modifiée telle que 

l’alimentation hachée ou encore mixée. Cependant, ce changement drastique 

d’alimentation peut avoir de graves conséquences sur le statut nutritionnel des 

personnes. En effet, certaines études ont mis en évidence un lien entre consommation 

d’aliments mixés et perte d’appétit mais également entre consommation d’aliments 

mixés et risque de dénutrition (Cabre et al., 2010; Rofes et al., 2011; Serra-Prat et al., 

2012).  

TRAVAIL PERSONNEL MENE DANS LE CADRE DE LA THESE 

Les sections précédentes mettent en avant le fait qu’avec l’âge, la mastication, la 

salivation mais également la déglutition peuvent être affectés, ce qui peut entraîner des 

modifications de comportement alimentaire (diminution de l’appétit, diminution de la 

prise alimentaire, évitement de certains aliments, diminution du plaisir à manger). 

L’objectif de ma thèse est d’identifier les facteurs bucco-dentaires qui ont un impact sur 

les dimensions physiologiques et psychologiques de l’acte alimentaire, afin d’étudier des 

techniques culinaires permettant d’améliorer la texture des aliments dans un but de 
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préserver l’apport alimentaire des personnes âgées ayant un mauvais état bucco-

dentaire. Trois axes se dégagent de cet objectif : 

Premier axe. Caractériser la population âgée en termes de santé orale. Pour cela, un 

panel d’environ 100 personnes âgées (>65 ans) a été recruté à Dijon sur la base du 

volontariat. Ce panel est venu au laboratoire à 3 reprises, pendant lesquelles 6 

catégories de mesures ont été réalisées :  

• Examen bucco-dentaire (statut dentaire, statut salivaire, force musculaire de la 

langue, force de morsure) ; 

• Auto-évaluation de la santé orale via l’utilisation d’un questionnaire ; 

• Evaluation des capacités chimiosensorielles (capacité à percevoir les saveurs, 

capacité à percevoir les odeurs, quantification des arômes libérés en bouche) ; 

• Capacité à former un bol alimentaire ; 

• Etude du comportement alimentaire (questionnaire de fréquence de 

consommation, relevé de consommation du 5 jours) ; 

• Evaluation du statut nutritionnel (mesure d’impédance, utilisation d’un 

questionnaire). 

Deuxième axe. Développer le concept de confort en bouche lors de la consommation 

d’un aliment. Afin de comprendre ce concept jusqu’alors inexistant, nous en avons 

discuté avec des personnes âgées autour de groupes focus. Sur la base de la 

retranscription des groupes focus, un questionnaire a été développé ayant pour objectif 

d’évaluer le confort en bouche lors de la consommation d’un aliment. Le questionnaire 

est divisé en 5 parties afin d’évaluer : le confort en bouche de manière générale, la 

difficulté à former le bol alimentaire, les éventuelles douleurs ressenties mais également 

les propriétés texturales et de flaveur de l’aliment consommé. Ce questionnaire a été 

validé auprès d’un panel de personnes âgées lors de la consommation de produits 

céréaliers et de produits carnés.  

Troisième axe. Identification de techniques culinaires permettant d’améliorer la 

texture de la viande. Le choix de l’aliment s’est porté sur la viande car cet aliment 

représente une source de protéines intéressante pour la population âgée qui en a besoin. 

Trois techniques culinaires facilement réalisables chez soi ont été identifiées : 

l’attendrisseur, la marinade et la température de cuisson. Ces trois techniques ont été 

testées sur du blanc de poulet, du rôti de bœuf et du steak de bœuf ; des mesures 

physiques ont été réalisées afin d’évaluer la force de cisaillement et la teneur en eau des 
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viande préparées et cuites, un panel de 40 personnes âgées a été sollicité afin d’évaluer 

le confort en bouche de ces viandes.  

Les trois sections suivantes détaillent ces trois axes et en présentent les principaux 

résultats.  

CHAPITRE 2. CARACTERISATION ORALE D’UN PANEL DE PERSONNES AGEES 

CARACTERISTIQUES SALIVAIRES DE LA POPULATION 

INTRODUCTION 

Chez l’homme, la mise en bouche d’un aliment est la phase ultime de la chaîne 

alimentaire et le début de l’étape de digestion. Concernant l’influence de l’âge sur la 

dégradation de l’aliment en bouche, le processus a été largement étudié d’un point de 

vue mastication mais très peu d’un point de vue salivation. En effet, à notre 

connaissance, très peu d’études ont étudié l’impact d’un vieillissement normal sur le flux 

salivaire, en considérant le statut dentaire et le nombre de comprimés ingérés par jour. 

De plus, ces études ont utilisé des méthodes différentes pour évaluer le flux salivaire, ce 

qui rend les résultats difficilement comparables. Enfin, aucune de ces études n’a étudié 

le lien entre le statut dentaire et le flux salivaire chez les personnes âgées. 

En conséquence, l’objectif de cette étude est d’étudier l’impact d’un vieillissement 

normal sur le flux salivaire tout en considérant le statut dentaire et le nombre de 

comprimés ingérés chez les personnes âgées. Pour cela, les flux salivaires au repos et 

stimulés d’adultes jeunes et de personnes âgées autonomes ont été comparés.  

MATERIEL ET METHODE 

Participants. 93 adultes jeunes et 84 personnes âgées autonomes ont été recrutés. Les 

critères de recrutement étaient les suivants : pour les adultes jeunes : avoir un âge 

compris entre 20 et 55 ans, avoir un bon statut dentaire (aucune dent manquante à 

l’exception des troisièmes molaires, pas de trouble d’occlusion dentaire) et ne pas 

prendre de médicament au moment de l’étude. Pour les personnes âgées autonomes : 

avoir au moins 70 ans, ne pas présenter de pathologie sévère au moment de l’étude, 

avoir un score supérieur ou égal à 24 au test d’évaluation du statut cognitif (Mini Mental 

State Evaluation, Folstein et al. (1975)). Une interview a été menée avec chacun des 

volontaires afin de vérifier les critères d’inclusion. 
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Procédure. Les participants ont réalisé des mesures de flux salivaires au repos et 

stimulé. Le flux salivaire au repos a été mesuré en demandant aux participants de 

déposer la salive accumulée dans la bouche dans un tube préalablement pesé à chaque 

fois que nécessaire, pendant 5 minutes (pour les adultes jeunes) ou 10 minutes (pour les 

personnes âgées). Le flux salivaire stimulé a été mesure en demandant aux participants 

de mastiquer un morceau de parafilm préalablement pesé tout en déposant la salive 

accumulée dans la bouche dans un tube préalablement pesé pendant 5 minutes. Une fois 

la mesure effectuée, les tubes ont été pesés afin d’évaluer le flux salivaire (en ml/min), 

assumant qu’un gramme de salive correspond à un millilitre de salive.  

En parallèle, le nombre de dents ainsi que le nombre d’unités fonctionnelles de chaque 

volontaire a été évalué. Une unité fonctionnelle correspond à une paire de dents 

antagoniste qui se touche pendant la mastication, cette mesure a été réalisée en 

demandant aux volontaires de mastiquer un papier à articuler, les zones de contact 

entre les dents se colorant en bleu lors de la mastication.  

RESULTATS 

Impact de l’âge sur le flux salivaire. Les résultats ont montré que les deux flux (au 

repos et stimulé) étaient significativement inférieurs chez les personnes âgées par 

rapport aux adultes jeunes (flux au repos: t(175)=6.00; p<0.001; flux stimulé: 

t(164)=6.91; p<0.001).  

Impact de l’âge versus du statut dentaire et de la prise de comprimés sur le flux 

salivaire. Afin d’étudier l’impact du statut dentaire sur le flux salivaire, la population 

âgée a été classée en deux groupes : un groupe ayant un bon statut dentaire (au moins 7 

unités fonctionnelles postérieures) et un groupe ayant un mauvais statut dentaire (4 

unités fonctionnelles postérieurs ou moins). Les résultats ont montré qu’il n’y avait pas 

de différence significative des flux entre les deux groupes. Afin d’étudier l’impact de la 

prise de médicaments sur le flux salivaire, la population âgée a été classée en deux 

groupes : un groupe ne prenant aucun médicament et un groupe ayant au moins 4 

comprimés par jour. Les résultats ont montré qu’il n’y avait pas de différence 

significative des flux entre les deux groupes.  
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CONCLUSION 

Cette étude a montré que le flux salivaire diminue avec l’âge, indépendamment du statut 

dentaire et de la prise de médicament. Ceci pourrait être expliqué par les modifications 

physiologiques des glandes salivaires avec l’âge, qui deviennent moins efficaces en 

termes de production de salive. Davantage d’études sont nécessaires afin de mieux 

comprendre les liens entre ces changements physiologiques et la sécrétion de salive 

chez les personnes âgées.  

CARACTERISTIQUES ORALES DU PANEL ALIMASSENS 

INTRODUCTION 

Avec l’âge, la santé orale évolue et consommer un aliment peut parfois devenir un 

challenge. En effet, avec l’âge, des modifications physiologiques apparaissent dans la 

sphère orale telles que la perte de dents, la diminution du flux salivaire, ou encore la 

diminution de la force musculaire ; ceci pouvant entraîner des difficultés à mastiquer, 

humidifier avec la salive, ou encore à avaler certains aliments. Parmi les études ayant 

analysé l’impact de la santé orale sur la prise alimentaire des personnes âgées, certaines 

ont mis en évidence des liens entre certains troubles oraux et le comportement 

alimentaire. Cependant, les résultats des différentes études ne sont pas toujours 

consensuels. De plus, la plupart de ces études n’ont pris en compte qu’un ou deux 

facteurs oraux dans leurs analyses.  

En conséquence, l’objectif de cette étude est d’étudier les liens entre la santé orale et 

l’alimentation des personnes âgées autonomes en prenant en compte les facteurs de 

mastication, de salivation et de perceptions sensorielles, tout en considérant les 

paramètres appartenant à la sphère orale (statut dentaire, flux salivaire, force de la 

langue, force masticatoire, perception des odeurs et des saveurs) ainsi que les 

paramètres issus de la dégradation des aliments en bouche (formation du bol 

alimentaire, libération des arômes en bouche).  

MATERIEL ET METHODE 

Participants. 61 personnes âgées autonomes ont été recrutées. Les critères de 

recrutement étaient les suivants : avoir au moins 65 ans, ne pas présenter de pathologie 

sévère au moment de l’étude, avoir un score supérieur ou égal à 24 au test d’évaluation 
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du statut cognitif (Mini Mental State Evaluation, Folstein et al. (1975)), avoir un nombre 

d’unités fonctionnelles postérieures inférieur ou égal à 4, ou supérieur ou égal à 7. Une 

unité fonctionnelle correspond à une paire de dents antagoniste qui se touche pendant 

la mastication. Une interview a été menée avec chacun des volontaires afin de vérifier les 

critères d’inclusion. 

Procédure. Les participants sont venus au laboratoire à 4 reprises pour réaliser les 

examens suivants : comptage de dents, comptage du nombre d’unités fonctionnelles 

postérieures, mesure de la force de mastication (utilisation de la méthode du chewing-

gum bicolore), mesure de la force musculaire de la langue (utilisation du matériel 

IOPO®), mesure des flux salivaires au repos et stimulés, évaluation des seuils de 

perception des saveurs sucrée et salée, évaluation du seuil de perception des odeurs, 

évaluation de la capacité à former un bol alimentaire lors de la consommation d’une 

rondelle de carotte crue, mesure des arômes de menthe libérés en bouche lors de la 

consommation d’une pastille de menthe. En parallèle, un questionnaire d’auto-

évaluation de la santé orale (Geriatric Oral Health Assessment Index), une enquête 

alimentaire de 5 jours, un questionnaire de fréquence de consommation ainsi que des 

mesures de corpulence (poids, taille, impédance) ont été réalisés.  

RESULTATS 

Concernant les données de santé orale des participants, les résultats ont montré que la 

diminution du nombre de dents était associée à un déclin au niveau des perceptions 

olfactives, et que l’auto-évaluation de la santé orale était corrélée au nombre de dents. 

Concernant les liens entre santé orale et dégradation de l’aliment en bouche, les 

résultats ont montré que le nombre de particules de carotte était lié au nombre de dents, 

à la force musculaire de la langue ainsi qu’au flux salivaire. De plus, le nombre de 

particules ainsi que la taille de la plus grosse particule formée était liés à l’auto-

évaluation de la santé orale. Concernant les liens entre santé orale, dégradation de 

l’aliment en bouche et le comportement alimentaire, les résultats ont mis en évidence un 

lien entre la consommation de crudités et le statut dentaire. En revanche, aucun lien n’a 

été observé entre la consommation de viande et les facteurs de santé orale. Les résultats 

ont également montré un lien entre la faculté à percevoir les odeurs et la consommation 

de protéines et de calcium. Enfin, seules les variables de statut dentaire étaient liées au 

statut pondéral des personnes âgées.  
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CONCLUSION 

Cette étude met en avant le fait que s’intéresser uniquement au statut dentaire ne suffit 

pas pour comprendre le comportement alimentaire. En effet, le flux salivaire mais 

également la force musculaire de la langue ont montré des liens significatifs avec des 

variables du comportement alimentaire. Il semble donc nécessaire de considérer la 

sphère orale dans son ensemble lorsque l’on étudie l’impact de la santé orale sur le 

comportement alimentaire des personnes âgées autonomes. 

CHAPITRE 3. CONFORT EN BOUCHE 

DEFINITION DU CONFORT EN BOUCHE ET DEVELOPPEMENT D’UN OUTIL PERMETTANT D’EVALUER 

LE CONFORT EN BOUCHE 

INTRODUCTION 

Chez la population âgée, les changements physiologiques de la sphère orale liés à l’âge 

peuvent avoir des conséquences non négligeables sur la faculté à manger les aliments. 

Dans un contexte de population vieillissante, il semble crucial de développer des 

aliments adaptés aux troubles oraux que peuvent rencontrer les personnes âgées. Or 

pour développer des produits alimentaires adaptés, il est nécessaire d’interroger les 

personnes elles-mêmes sur leur perception des aliments et leur évaluation en termes de 

confort en bouche. Il n’existe, à ce jour, aucune définition du confort en bouche et encore 

moins d’outils pour permettre à un panel de l’évaluer.  

En conséquence, l’objectif de cette étude est d’explorer le concept de confort en bouche 

chez la population âgée afin de développer un outil permettant aux personnes âgées 

d’évaluer le confort en bouche lors de la consommation d’un aliment (étude 1), puis de 

valider ce questionnaire à travers des dégustations de produits carnés et de produits 

céréaliers (étude 2). 

ETUDE 1 : MATERIEL ET METHODE  

Trois groupes focus ont été mis en place avec 6 personnes âgées dans chaque groupe. 

Les critères d’inclusion étaient les suivants : avoir au moins 65 ans, ne pas présenter de 

pathologie sévère au moment de l’étude, avoir un score supérieur ou égal à 24 au test 

d’évaluation du statut cognitif (Mini Mental State Evaluation, Folstein et al. (1975)). 

Chaque groupe focus était constitué de trois étapes : un brainstorming sur le confort en 
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bouche ; un partage d’expérience sur ceux que sont les aliments les plus confortables et 

les plus inconfortables, une dégustation 8 aliments parmi 32 propositions afin de 

discuter de leur aspect confortable ou inconfortable.  

ETUDE 1 : RESULTATS 

L’analyse des groupes focus a permis de développer un questionnaire, outil visant à 

évaluer le confort en bouche lors de la consommation d’un aliment : le questionnaire 

« confort en bouche ». Le questionnaire est composé de 5 parties : une partie générale 

sur l’évaluation du confort en bouche et de sa facilité à manger, une partie évaluant la 

difficulté à former le bol alimentaire, une partie permettant d’évaluer les éventuelles 

douleurs ressenties lors de la consommation de l’aliment, une partie portant sur les 

caractéristiques texturales de l’aliment, et une partie portant sur les caractéristiques de 

flaveur des aliments.  

ETUDE 2 : MATERIEL ET METHODE 

Participants. Deux panels de personnes âgées ont été constitués, l’un pour les produits 

carnés (n=39), l’autre pour déguster les produits céréaliers (n=42). Les critères 

d’inclusion étaient les suivants : avoir au moins 65 ans, ne pas présenter de pathologie 

sévère au moment de l’étude, avoir un score supérieur ou égal à 24 au test d’évaluation 

du statut cognitif (Mini Mental State Evaluation, Folstein et al. (1975)). 

Produits. Six produits carnés et 6 produits céréaliers ont été choisis dans le but de 

présenter des produits à texture contrastée. Les produits carnés étaient constitués de 

steak de bœuf, steak haché de bœuf, joue de bœuf, boulettes de poulet, aiguillette de 

poulet et nuggets de poulet. Les produits étaient cuits ou réchauffés quelques minutes 

avant la dégustation, et servis à 65°C à cœur. Les produits céréaliers étaient constitués 

de biscotte, financier, madeleine, génoise, pain au lait et pain au lait enrichi en protéines 

végétales. Les produits étaient servis à température ambiante. 

Dégustations. Les volontaires étaient invités à goûter chacun des six produits (produits 

carnés ou produits céréaliers selon le panel), ils pouvaient manger autant de produit 

qu’ils le souhaitaient afin de répondre au questionnaire confort en bouche. Ils pouvaient 

également boire de l’eau librement pendant la dégustation.  
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ETUDE 2 : RESULTATS 

Concernant les produits carnés, les résultats ont montré que le steak et le steak haché 

étaient les produits les moins confortables selon les personnes âgées. A l’inverse, les 

boulettes de poulet, les aiguillettes de poulet ainsi que la joue de bœuf étaient les 

produits évalués comme étant les plus confortables. Concernant les produits céréaliers, 

la biscotte et le pain au lait enrichi en protéines végétales étaient les produits considérés 

comme étant les moins confortables. A l’inverse, la madeleine et la génoise étaient 

évalués comme étant confortables. Enfin, le pain au lait et le financier étaient considérés 

comme étant modérément confortables.  

CONCLUSION 

Cette étude a permis de définir le concept de confort en bouche, sa définition est la 

suivante : un aliment confortable est un aliment facile à mastiquer, à humidifier avec la 

salive et à avaler, Sa texture doit être tendre. Les douleurs ressenties lors de la 

consommation d’un aliment diminuent la perception du confort de l’aliment. Cette étude 

a également permis de mettre en évidence le fait que certains aliments, développés 

spécifiquement pour la population sénior ou recommandés lors de problèmes bucco-

dentaires (pain au lait enrichi, steak haché) ne font pas partie des aliments les plus 

confortables. Or un aliment évalué comme étant inconfortable par la population âgée ne 

sera pas consommé. Il semble donc essentiel, lors de développement de nouveaux 

produits à destination de la population sénior, de recueillir leur évaluation du confort en 

bouche desdits produits avant toute commercialisation. 

IMPACT DE LA SANTE ORALE SUR LA PERCEPTION DU CONFORT EN BOUCHE CHEZ LES PERSONNES 

AGEES 

INTRODUCTION 

Avec l’âge, la sphère orale présente des modifications physiologiques qui peuvent 

impacter sur la formation du bol et la perception sensorielle des aliments. Dans une 

récente étude, nous avons exploré le concept de confort en bouche, et développé un outil 

permettant aux personnes âgées d’évaluer le confort en bouche lors de la consommation 

d’un aliment. Ce questionnaire a été utilisé dans cette étude afin d’évaluer quels 

paramètres oraux (état dentaire et salivaire) avaient un impact sur la perception du 

confort en bouche. Plus particulièrement, nous avons demandé à un panel de personnes 
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âgées ayant un bon ou un mauvais état bucco-dentaire d’évaluer le confort en bouche de 

6 produits carnés et 6 produits céréaliers.  

MATERIEL ET METHODE 

Participants. Deux panels de personnes âgées ont été constitués, l’un pour les produits 

carnés (n=34), l’autre pour déguster les produits céréaliers (n=37). Les critères 

d’inclusion étaient les suivants : avoir au moins 65 ans, ne pas présenter de pathologie 

sévère au moment de l’étude, avoir un score supérieur ou égal à 24 au test d’évaluation 

du statut cognitif (Mini Mental State Evaluation, Folstein et al. (1975)), avoir au moins 7 

unités fonctionnelles postérieurs ou 4 unités fonctionnelles postérieures ou moins. Une 

unité fonctionnelle correspond à une paire de dents antagoniste qui se touche pendant 

la mastication. Une interview a été menée avec chacun des volontaires afin de vérifier les 

critères d’inclusion. Lors de cette interview, le flux salivaire au repos a été mesuré en 

demandant aux participants de déposer la salive accumulée dans la bouche dans un tube 

préalablement pesé pendant 10 minutes. Le tube était ensuite collecté puis pesé afin de 

déterminer le flux salivaire en ml/min. 

Produits. Six produits carnés et 6 produits céréaliers ont été choisis dans le but de 

présenter des produits à texture contrastée. Les produits carnés étaient constitués de 

steak de bœuf, steak haché de bœuf, joue de bœuf, boulettes de poulet, aiguillette de 

poulet et nuggets de poulet. Les produits étaient cuits ou réchauffés quelques minutes 

avant la dégustation, et servis à 65°C à cœur. Les produits céréaliers étaient constitués 

de biscotte, financier, madeleine, génoise, pain au lait et pain au lait enrichi en protéines 

végétales. Les produits étaient servis à température ambiante. 

Dégustations. Les volontaires étaient invités à goûter chacun des six produits (produits 

carnés ou produits céréaliers selon le panel), ils pouvaient manger autant de produit 

qu’ils le souhaitaient afin de répondre au questionnaire confort en bouche. Ils pouvaient 

également boire de l’eau librement pendant la dégustation.  

RESULTATS 

Concernant les produits carnés, les résultats n’ont pas montré d’effet du statut dentaire 

ni de la salivation sur la perception du confort en bouche. En revanche, un effet de la 

dentition a été observé sur l’apparition de douleurs musculaires et sur la perception 

acide des produits ; un effet de la salivation a été observé sur la perception sucrée des 
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produits. Concernant les produits céréaliers, les résultats n’ont pas montré d’effet du 

statut dentaire ni de la salivation sur la perception du confort en bouche. En revanche, 

des effets de la dentition et de la salivation ont été observés sur l’apparition de douleurs 

musculaires et dentaires, ainsi que sur l’évaluation du descripteur filandreux. 

CONCLUSION 

Très peu d’effets des facteurs oraux ont été observés sur l’évaluation du confort en 

bouche. Les produits ont donc été notés de manière similaire quelle que soit la santé 

orale des dégustateurs.  

CHAPITRE 4. DEVELOPPEMENT DE TECHNIQUES CULINAIRES PERMETTANT 
D’AMELIORER LA TEXTURE DE LA VIANDE 

IMPACT DE TECHNIQUES CULINAIRES SUR LA FORCE DE CISAILLEMENT ET LA TENEUR ET EAU DE 

LA VIANDE 

INTRODUCTION 

La tendreté et la jutosité sont deux caractéristiques essentielles pour la palatabilité 

d’une viande. Ces deux paramètres semblent également avoir un impact sur la formation 

d’un bol de viande. De nombreux auteurs ont étudié l’impact de méthodes physiques 

d’améliorer la texture de la viande. Cependant, la majorité des études utilise des 

méthodes difficilement reproductibles chez soi. Or dans un contexte de population 

vieillissante, il serait intéressant de pouvoir proposer des solutions aux personnes âgées 

autonomes afin qu’elle puisse améliorer la texture des viandes qu’elles cuisinent à 

travers la mise en place de techniques culinaires simples.  

En conséquence, l’objectif de cette étude est d’étudier l’impact de techniques culinaires 

simples à réaliser sur la teneur en eau et la force de cisaillement de viandes. Les 

techniques utilisées sont l’attendrissement, la marinade ainsi que la température de 

cuisson. 

MATERIEL ET METHODE 

Trois viandes ont été sélectionnées car elles sont consommées majoritairement en 

France : le steak de bœuf, le rôti de bœuf et le blanc de poulet. Les trois viandes ont été 

préparées et cuites selon le tableau ci-dessous (Table 1).  
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Table 1. Mode de préparation, temps de marinade et mode de cuisson des viandes 

 Mode de préparation Temps de marinade Mode de cuisson 

Steak de 
bœuf 

Aucune préparation - Plaque à induction à 160°C 
Attendri - Plaque à induction à 160°C 
Mariné 2 heures Plaque à induction à 160°C 
Attendri + mariné 2 heures Plaque à induction à 160°C 

Rôti de 
bœuf 

Aucune préparation - Four à 220°C 
Attendri - Four à 220°C 
Mariné 4 heures Four à 220°C 
Attendri + mariné 4 heures Four à 220°C 
Aucune préparation - Four à 110°C 
Attendri - Four à 110°C 
Mariné 4 heures Four à 110°C 
Attendri + mariné 4 heures Four à 110°C 

Blanc de 
poulet 

Aucune préparation - Four à 220°C 
Attendri - Four à 220°C 
Mariné 2 heures Four à 220°C 
Attendri + mariné 2 heures Four à 220°C 
Aucune préparation - Four à 110°C 
Attendri - Four à 110°C 
Mariné 2 heures Four à 110°C 
Attendri + mariné 2 heures Four à 110°C 

L’attendrissement a été réalisé à l’aide d’un attendrisseur à viande, constitué de 51 

lames tranchantes permettant de couper les fibres les plus importantes du morceau de 

viande. Un passage d’attendrisseur a été réalisé sur chaque morceau, sur une face pour 

le steak et le poulet, sur les deux faces pour le rôti afin de transpercer la viande dans son 

intégralité. La marinade était composée de sauce soja Suzi Wan® (6%) et d’eau Evian® 

(94%), la viande étaient mises à mariner pendant 2h (steak et poulet) ou 4h (rôti) à 

+4°C. Suite à des pré-tests, il a été décidé de cuire tous les morceaux allant au four dans 

des sachets cuisson, les résultats des pré-tests ayant mis en évidence une diminution de 

la force de cisaillement et une augmentation de la teneur en eau de des viandes 

lorsqu’elles étaient cuites en sachet cuisson. L’évaluation de la force de cisaillement a été 

réalisée à l’aide de la cellule de Warner-Bratzler (ttc® TA.XT plus) ; l’évaluation de la 

teneur en eau été réalisée en pesant environ 2g de viande avant et après passage à 

l’étuve à 130°C permettant un dessèchement total de la viande.  

RESULTATS 

Les résultats ont montré que les techniques culinaires avaient un impact sur la force de 

cisaillement et la teneur en eau des trois viandes. Si la combinaison attendrisseur + 

marinade semble être optimal pour améliorer la texture des deux viandes de bœuf 

(steak et rôti), l’attendrisseur seul semble optimiser la texture du blanc de poulet. De 
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plus, la cuisson à basse température réduit significativement la force de cisaillement et 

augmente de manière significative la teneur en eau des deux viandes cuites au four, le 

rôti de bœuf et le blanc de poulet.  

CONCLUSION 

L’étude a permis de mettre en évidence le fait que la mise en place de techniques 

culinaires faciles à réaliser chez soi pouvait améliorer significativement la texture de la 

viande. Il serait intéressant d’interroger un panel de personnes âgées sur leur 

perception du confort en bouche lors de la consommation de ces viandes afin de valider 

l’intérêt des techniques culinaires étudiées.  

IMPACT DE L’ATTENDRISSEUR, DE LA MARINADE ET DE LA TEMPERATURE DE CUISSON SUR LA 

PERCEPTION DU CONFORT EN BOUCHE CHEZ LES PERSONNES AGES 

INTRODUCTION 

De nombreuses études ont étudié l’impact de techniques culinaires sur la tendreté et la 

jutosité de la viande. Cependant, la plupart d’entre elles ont utilisé des techniques 

difficilement réalisables chez soi. De plus, toutes les études ont utilisé des techniques de 

mesures physiques ou ont fait appel à un panel expert en analyse sensorielle de la 

viande pour évaluer les propriétés texturales des viandes ; aucune d’entre elle n’a fait 

appel à un panel de consommateurs lambda. Enfin, la majorité des études n’a évalué que 

deux descripteurs de texture (tendreté et jutosité) ; or une précédente étude portant sur 

le concept de confort en bouche a mise en évidence le fait que plusieurs dimensions 

rentraient dans la définition du confort en bouche : la faculté à former le bol alimentaire, 

les douleurs ressenties en bouche lors de la consommation d’un aliment ainsi que 

certains paramètres de texture et de flaveur.  

En conséquence, l’objectif de cette étude est d’évaluer l’impact des techniques culinaires 

sur la perception du confort en bouche chez des personnes âgées. Les techniques 

évaluées sont l’attendrissement, la marinade ainsi que la température de cuisson. 

MATERIEL ET METHODE 

Participants. 40 personnes âgées ont été recrutées  

Les critères d’inclusion étaient les suivants : avoir au moins 65 ans, ne pas présenter de 

pathologie sévère au moment de l’étude, avoir un score supérieur ou égal à 24 au test 
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d’évaluation du statut cognitif (Mini Mental State Evaluation, Folstein et al. (1975)), 

avoir au moins 7 unités fonctionnelles postérieurs ou 4 unités fonctionnelles 

postérieures ou moins. Une unité fonctionnelle correspond à une paire de dents 

antagoniste qui se touche pendant la mastication. Une interview a été menée avec 

chacun des volontaires afin de vérifier les critères d’inclusion. Lors de cette interview, 

les flux salivaires au repos et stimulé ont été mesurés. Le flux salivaire au repos a été 

évalué en demandant aux participants de déposer la salive accumulée dans la bouche 

dans un tube préalablement pesé pendant 10 minutes. Le tube était ensuite collecté puis 

pesé afin de déterminer le flux salivaire en ml/min. Le flux salivaire stimulé a été évalué 

en demandant aux participants de mastiquer un morceau de parafilm préalablement 

pesé tout en déposant la salive accumulée dans la bouche dans un tube préalablement 

pesé pendant 5 minutes. Une fois la mesure effectuée, les tubes ont été pesés afin 

d’évaluer le flux salivaire (en ml/min), assumant qu’un gramme de salive correspond à 

un millilitre de salive.  

Produits. Trois viandes ont été sélectionnées car elles sont consommées 

majoritairement en France : le steak de bœuf, le rôti de bœuf et le blanc de poulet. Les 

trois viandes ont été préparées et cuites selon le tableau ci-dessous (Table 2). 

Table 2. Mode de préparation, temps de marinade, mode de cuisson et portion servie des 
viandes à la dégustation 

 Mode de préparation Temps de 
marinade 

Mode de cuisson Portion 
servie 

Blanc de 
poulet 

Aucune préparation - Four à 220°C Environ 70g 
Aucune préparation - Four à 110°C Environ 70g 
Attendri - Four à 220°C Environ 70g 
Attendri - Four à 110°C Environ 70g 
Attendri + mariné 2 heures Four à 220°C Environ 70g 

Rôti de 
bœuf 

Aucune préparation - Four à 220°C Environ 50g 
Aucune préparation - Four à 110°C Environ 50g 
Attendri - Four à 110°C Environ 50g 
Mariné 4 heures Four à 110°C Environ 50g 
Attendri + mariné 4 heures Four à 110°C Environ 50g 

Steak de 
bœuf 

Aucune préparation - Plaque à induction à 160°C Environ 38g 
Attendri - Plaque à induction à 160°C Environ 38g 
Mariné 2 heures Plaque à induction à 160°C Environ 38g 
Attendri + mariné 2 heures Plaque à induction à 160°C Environ 38g 

Le choix des conditions testées résulte des résultats de l’étude précédemment présentée, 

les conditions de préparation sont identiques.  
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Dégustation. La dégustation était organisée en trois séances, chacune correspondant à 

un type de viande. Les volontaires étaient invités à goûter chacun des morceaux de 

viandes, ils pouvaient manger autant de produit qu’ils le souhaitaient afin de répondre 

au questionnaire confort en bouche. Ils pouvaient également boire de l’eau librement 

pendant la dégustation. 

RESULTATS 

Les résultats ont montré un effet significatif des techniques culinaires sur la perception 

du confort en bouche. Concernant les blancs de poulet, l’utilisation d’un attendrisseur 

ainsi que la cuisson à basse température produit une viande moins sèche et plus 

fondante que les autres conditions. Concernant le rôti de bœuf, la combinaison de 

l’attendrisseur, de la marinade et de la cuisson à basse température entraîne une viande 

plus facile à mastiquer, à humidifier avec la salive et à avaler. La viande est en effet 

évaluée comme étant plus fondante, plus tendre et plus juteuse que les autres 

conditions. Concernant le steak de bœuf, très peu d’effets ont été observés, ceci peut 

s’expliquer par le fait que la viande était déjà très tendre initialement. Concernant 

l’impact de la santé orale sur la perception du confort en bouche, un effet dentition a été 

observé sur la difficulté à former le bol de viande ; un effet du flux salivaire au repos a 

été observé sur la difficulté à former le bol de viande ainsi que sur la perception de la 

texture collante ; un effet du flux salivaire stimulé a été observé sur la perception des 

textures pâteuse et dure. 

CONCLUSION 

Cette étude est la première ayant investigué l’impact de techniques culinaires réalisables 

facilement chez soi sur la perception du confort en bouche chez les personnes âgées. Elle 

met en avant le fait qu’en connaissant certaines astuces, les personnes âgées pourraient 

significativement améliorer la texture de leur viande en la préparant différemment, et 

ainsi prendre davantage de plaisir en la mangeant. 
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DISCUSSION GENERALE 

Cette thèse a permis de montrer que : 

• Chaque élément de la sphère orale est important lors de la dégradation d’aliment 

en bouche chez la personne âgée ; 

• Le confort en bouche est un concept multidimensionnel qui comprend la 

formation du bol alimentaire, les douleurs ressenties en bouche, la perception de 

la texture et la perception de la flaveur ; 

• Il semble essentiel de prendre en compte le confort en bouche des personnes 

âgées lorsque l’on souhaite développer des produits alimentaires spécifiques à 

cette population ; 

• La santé orale ne semble pas impacter la perception du confort en bouche ; 

• Des techniques culinaires facilement réalisables chez soi peuvent améliorer de 

façon significative la texture de la viande et la perception du confort en bouche. 

En perspective, il semblerait intéressant d’étudier la validité de certaines mesures de 

paramètres oraux pour des populations spécifiques telles que la population âgée. En 

effet, certains tests réalisés dans la présente étude se sont révélés être peu adaptés à la 

population âgée, une stratégie d’analyse a donc été mise en place. Il se peut que certains 

autres tests ne soient pas adaptés non plus à cette population, investiguer de manière 

systématique permettrait de gagner du temps lors d’études comme celles-ci. 

Ensuite, étudier davantage de paramètres oraux tels que l’hygiène buccale ou l’activité 

musculaire des muscles masticatoire permettrait de compléter les informations de santé 

orale collectées auprès du panel AlimaSSenS. L’hygiène buccale par exemple est connue 

pour avoir un impact sur la perception des aliments mais également sur la formation du 

bol alimentaire (Smith and Sheiham, 1979; Hughes and McNab, 2008). De plus, l’étude 

de l’activité musculaire des muscles masticatoires permettrait de mettre en évidence 

différents comportements masticatoires au sein de la population étudiée (Mioche et al., 

2002).  

De plus, investiguer un univers produit spécifique et en étudier sa déstructuration en 

bouche jusqu’à la déglutition permettrait de mieux comprendre les liens avec sa 

consommation au quotidien. Suivre un morceau de viande par exemple depuis sa mise 

en bouche jusqu’à la déglutition en relevant la libération des arômes, le comportement 

masticatoire mais également la perception du confort en bouche, tout en enquêtant sur 
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ses habitudes de consommation, pourrait révéler de nouvelles informations 

intéressantes.  

Ensuite, il serait intéressant de recruter un panel de personnes âgées plus fragiles afin 

d’élargir la population étudiée et de potentiellement mettre en évidence davantage de 

liens entre santé orale et alimentation. Le panel AlimaSSenS est en effet en bonne santé 

générale, ne présente pas de pathologie sévère, et n’est pas dénutrie. Il est probable que 

l’étude d’une population plus fragile mette en évidence d’autres liens entre santé orale 

et comportement alimentaire.  

Enfin, il semble nécessaire de communiquer largement sur les résultats de cette thèse 

concernant l’identification de techniques culinaires. Donner aux personnes âgées des 

clés pour mieux manger est aujourd’hui un défi, et pour cela il faudrait développer une 

stratégie de communication afin de toucher le plus grand nombre de personnes 

concernées par les problèmes de santé orale liés à l’âge. 

CONCLUSION GENERALE 

L’objectif de cette thèse était de comprendre quels facteurs bucco-dentaires ont un 

impact sur les dimensions physiologiques et psychologiques de l’acte alimentaire, afin 

d’identifier des techniques culinaires permettant d’améliorer la texture des aliments 

dans un but de préserver l’apport alimentaire des personnes âgées ayant un mauvais 

état bucco-dentaire. Les résultats ont montré que le processus de dégradation de 

l’aliment en bouche est complexe et multidimensionnel, il inclut des paramètres 

physiologiques tels que les dents, la salive ou encore les muscles masticatoires, mais 

également des paramètres fonctionnels tels de la capacité à former un bol alimentaire ou 

la libération des arômes en bouche. A partir de ces données, des techniques culinaires 

ont été identifiées permettant d’améliorer la texture de la viande : l’attendrisseur, la 

marinade et la température de cuisson. Ces techniques permettent d’améliorer de façon 

significative la dureté et la teneur en eau de la viande, ainsi que le confort en bouche 

perçu par les personnes âgées. Il serait maintenant intéressant de communiquer ces 

résultats auprès de la population âgée pour leur donner des conseils sur les façons de 

préparer la viande afin de faciliter la mastication, améliorer leur confort à manger et 

augmenter le plaisir ressenti lors du repas. 



 

 

 

 

 

 

 

 

 

 

BIBLIOGRAPHY 

 



BIBLIOGRAPHY 

209 
 

BIBLIOGRAPHY 

ACHEM, S.R., and DEVAULT, K.R. 2005. Dysphagia in aging. J Clin Gastroenterol 39, 357-
371. 

AKPATA, E., OTOH, E., ENWONWU, C., ADELEKE, O., and JOSHIPURA, K. 2011. Tooth loss, 
chewing habits, and food choices among older Nigerians in Plateau State: a 
preliminary study. Community Dent Oral Epidemiol 39, 409-415. 

ANGELINI, V., CAVAPOZZI, D., CORAZZINI, L., and PACCAGNELLA, O. 2012. Age, Health 
and Life Satisfaction Among Older Europeans. Social Indicators Research 105, 
293-308. 

ASAKAWA, A., FUEKI, K., and OHYAMA, T. 2005. Detection of improvement in the 
masticatory function from old to new removable partial dentures using mixing 
ability test. Journal of oral rehabilitation 32, 629-634. 

AUVRAY, L., DOUSSIN, A., and LE FUR, P. 2003. Santé, soins et protection sociale en 2002, 
CREDES. 

BARDOW, A., NYVAD, B., and NAUNTOFTE, B. 2001. Relationships between medication 
intake, complaints of dry mouth, salivary flow rate and composition, and the rate 
of tooth demineralization in situ. Archives of oral biology 46, 413-423. 

BATISSE, C., BONNET, G., ESCHEVINS, C., HENNEQUIN, M., and NICOLAS, E. 2017. The 
influence of oral health on patients' food perception: a systematic review. Journal 
of oral rehabilitation 44, 996-1003. 

BAUM, B.J., and BODNER, L. 1983. Aging and oral motor function: evidence for altered 
performance among older persons. J Dent Res 62, 2-6. 

BÉNARD, C., and DOITSIDOU, M. 2017. Nervous System Ageing. In Ageing: Lessons from 

C. elegans. A. Olsen and M.S. Gill, eds. Springer International Publishing, Cham pp. 
163-189. 

BISCH, E.M., LOGEMANN, J.A., RADEMAKER, A.W., KAHRILAS, P.J., and LAZARUS, C.L. 
1994. Pharyngeal effects of bolus volume, viscosity, and temperature in patients 
with dysphagia resulting from neurologic impairment and in normal subjects. J 
Speech Hear Res 37, 1041-1059. 

BRADBURY, J., THOMASON, J.M., JEPSON, N.J.A., WALLS, A.W.G., MULVANEY, C.E., ALLEN, 
P.F., and MOYNIHAN, P.J. 2008. Perceived chewing ability and intake of fruit and 
vegetables. Journal of Dental Research 87, 720-725. 

BRENNAN, D.S., SPENCER, A.J., and ROBERTS-THOMSON, K.F. 2008. Tooth loss, chewing 
ability and quality of life. Qual Life Res 17, 227-235. 

BRODEUR, J.M., LAURIN, D., VALLEE, R., and LACHAPELLE, D. 1993. Nutrient intake and 
gastrointestinal disorders related to masticatory performance in the edentulous 
elderly. J Prosthet Dent 70, 468-473. 



BIBLIOGRAPHY 

210 
 

BURDACH, K.J., and DOTY, R.L. 1987. The effects of mouth movements, swallowing, and 
spitting on retronasal odor perception. Physiol Behav 41, 353-356. 

BURNSTOCK, G. 1990. Changes in expression of autonomic nerves in aging and disease. 
Journal of the Autonomic Nervous System 30, S25-S34. 

CABRE, M., SERRA-PRAT, M., PALOMERA, E., ALMIRALL, J., PALLARES, R., and CLAVE, P. 
2010. Prevalence and prognostic implications of dysphagia in elderly patients 
with pneumonia. Age Ageing 39, 39-45. 

CARLOS, J.P., and WOLFE, M.D. 1989. Methodological and nutritional issues in assessing 
the oral health of aged subjects. Am. J. Clin. Nutr. 50, 1210-1218. 

CARPENTER. 2012. Role of Saliva in the Oral Processing of Food. Food Oral Processing, 
Wiley-Blackwell, pp. 45-60. 

CHRISTENSEN, C.M. 1986. Role of saliva in human taste perception. In Clinical 

Measurement of Taste and Smell. M.L. Meiselman and R.S. Rivlin, eds. Macmillan, 
New York, United-States pp. 414-428. 

CHU, C.H., NG, A., CHAU, A.M., and LO, E.C. 2015. Oral health status of elderly chinese 
with dementia in Hong Kong. Oral Health Prev Dent 13, 51-57. 

COLLINS, K.J., EXTON-SMITH, A.N., JAMES, M.H., and OLIVER, D.J. 1980. Functional 
changes in autonomic nervous responses with agenig. Age and Ageing 9, 17-24. 

COSTALONGA, M., and HERZBERG, M.C. 2014. The oral microbiome and the 
immunobiology of periodontal disease and caries. Immunology Letters 162, 22-
38. 

COUSSON, P.Y., BESSADET, M., NICOLAS, E., VEYRUNE, J.-L., LESOURD, B., and 
LASSAUZAY, C. 2012. Nutritional status, dietary intake and oral quality of life in 
elderly complete denture wearers. Gerodontology 29, e685-e692. 

CROW, H.C., and SHIP, J.A. 1996. Tongue strength and endurance in different aged 
individuals. J Gerontol A Biol Sci Med Sci 51, M247-250. 

DE MARCHI, R.J., HUGO, F.N., PADILHA, D.M., HILGERT, J.B., MACHADO, D.B., DURGANTE, 
P.C., and ANTUNES, M.T. 2011. Edentulism, use of dentures and consumption of 
fruit and vegetables in south Brazilian community-dwelling elderly. Journal of 
oral rehabilitation 38, 533-540. 

DESVARIEUX, M., DEMMER, R.T., RUNDEK, T., BODEN-ALBALA, B., JACOBS, D.R., JR., 
PAPAPANOU, P.N., and SACCO, R.L. 2003. Relationship between periodontal 
disease, tooth loss, and carotid artery plaque: the Oral Infections and Vascular 
Disease Epidemiology Study (INVEST). Stroke 34, 2120-2125. 

DORMENVAL, V., BUDTZ-JORGENSEN, E., MOJON, P., BRUYERE, A., and RAPIN, C.H. 1998. 
Associations between malnutrition, poor general health and oral dryness in 
hospitalized elderly patients. Age Ageing 27, 123-128. 

DOTY, R.L. 1991. Olfactory capacities in aging and Alzheimers-disease - psychophysical 
and anatomic considerations. Ann.NY Acad.Sci. 640, 20-27. 



BIBLIOGRAPHY 

211 
 

DOTY, R.L., and BROMLEY, S.M. 2004. Effects of drugs on olfaction and taste. 
Otolaryngologic clinics of North America 37, 1229-1254. 

DSAMOU, M., PALICKI, O., SEPTIER, C., CHABANET, C., LUCCHI, G., DUCOROY, P., 
CHAGNON, M.C., and MORZEL, M. 2012. Salivary protein profiles and sensitivity 
to the bitter taste of caffeine. Chem Senses 37, 87-95. 

DUFFY, V.B., CAIN, W.S., and FERRIS, A.M. 1999. Measurement of Sensitivity to Olfactory 
Flavor: Application in a Study of Aging and Dentures. Chemical Senses 24, 671-
677. 

EDGAR, W.M., and O'MULLANE, D.M. 1996. Saliva and Oral Health. British Dental 
Association. 

ENGELEN, L., VAN DEN KEYBUS, P.A., DE WIJK, R.A., VEERMAN, E.C., AMERONGEN, A.V., 
BOSMAN, F., PRINZ, J.F., and VAN DER BILT, A. 2007. The effect of saliva 
composition on texture perception of semi-solids. Archives of oral biology 52, 
518-525. 

ERICSSON, Y. 1953. Clinical determination of salivary buffering. Swedish Dental Journal 
46, 379-386. 

ERNEST, S.L. 1993. Dietary intake, food preferences, stimulated salivary flow rate, and 
masticatory ability in older adults with complete dentitions. Spec Care Dentist 13, 
102-106. 

ERVIN, R.B., and DYE, B.A. 2009. The effect of functional dentition on Healthy Eating 
Index scores and nutrient intakes in a nationally representative sample of older 
adults. J Public Health Dent 69, 207-216. 

EVANS, C. 2005. Malnutrition in the Elderly: A Multifactorial Failure to Thrive. The 
Permanente Journal 9, 38-41. 

FISCHER, U., BOULTON, R.B., and NOBLE, A.C. 1994. Physiological factors contributing to 
the variability of sensory assessments: Relationship between salivary flow rate 
and temporal perception of gustatory stimuli. Food Quality and Preference 5, 55-
64. 

FOLSTEIN, M.F., FOLSTEIN, S.E., and MCHUGH, P.R. 1975. "Mini-mental state". A practical 
method for grading the cognitive state of patients for the clinician. J Psychiatr Res 
12, 189-198. 

FONTIJN-TEKAMP, F.A., SLAGTER, A.P., VAN DER BILT, A., M.A., V.T.H., WITTER, D.J., 
KALK, W., and JANSEN, J.A. 2000. Biting and chewing in overdentures, full 
dentures, and natural dentitions. Journal of Dental Research 79, 1519-1524. 

GALO, R., VITTI, M., MATTOS MDA, G., and REGALO, S.C. 2007. Masticatory muscular 
activation in elderly individuals during chewing. Gerodontology 24, 244-248. 

GARCIA, R.I., PERLMUTER, L.C., and CHAUNCEY, H.H. 1989. Effects of dentition status 
and personality on masticatory performance and food acceptability. Dysphagia 4, 
121-126. 



BIBLIOGRAPHY 

212 
 

GEISSLER, C.A., and BATES, J.F. 1984. The nutritional effects of tooth loss. Am. J. Clin. 
Nutr. 39, 478-489. 

GIERCZYNSKI, I., GUICHARD, E., and LABOURE, H. 2011. Aroma perception in dairy 
products: the roles of texture, aroma release and consumer physiology. A review. 
Flavour and Fragrance Journal 26, 141-152. 

GOODPASTER, B.H., PARK, S.W., HARRIS, T.B., KRITCHEVSKY, S.B., NEVITT, M., 
SCHWARTZ, A.V., SIMONSICK, E.M., TYLAVSKY, F.A., VISSER, M., and NEWMAN, 
A.B. 2006. The loss of skeletal muscle strength, mass, and quality in older adults: 
the health, aging and body composition study. J Gerontol A Biol Sci Med Sci 61, 
1059-1064. 

GRIEP, M.I., COLLYS, K., METS, T.F., SLOP, D., LASKA, M., and MASSART, D.L. 1996. 
Sensory detection of food odour in relation to dental status, gender and age. 
Gerodontology 13, 56-62. 

GUPTA, A., EPSTEIN, J.B., and SROUSSI, H. 2006. Hyposalivation in elderly patients. J Can 
Dent Assoc 72, 841-846. 

HAMOSH, M., and BURNS, W.A. 1977. Lipolytic activity of human lingual glands (Ebner). 
Lab Invest 37, 603-608. 

HANDELMAN, S.L., BARIC, J.M., SAUNDERS, R.H., and ESPELAND, M.A. 1989. 
Hyposalivatory drug use, whole stimulated salivary flow, and mouth dryness in 
older, long-term care residents. Spec Care Dentist 9, 12-18. 

HE, W., GOODKIND, D., and KOWAL, P. 2016. An Aging World: 2015. U.S. Census Bureau, 
International Population Reports U.S. Government Publishing Office, Washington, 

DC, P95/16-91. 

HENKIN, R.I., and CHRISTIANSEN, R.L. 1967. Taste thresholds in patients with dentures. 
The Journal of the American Dental Association 75, 118-120. 

HILDEBRANDT, G.H., DOMINGUEZ, B.L., SCHORK, M.A., and LOESCHE, W.J. 1997. 
Functional units, chewing, swallowing, and food avoidance among the elderly. 
Journal of Prosthetic Dentistry 77, 588-595. 

HOFFMANN, T., JOHN, M., KERSCHBAUM, T., MICHEELIS, W., POTTHOFF, P., REICH, E., 
REIS, U., REITER, F., SCHIFFNER, U., and SCHROEDER, E. 2006. Vierte Deutsche 
Mundgesundheitsstudie (DMS IV). Köln. Mikrozensus: Fragen zur Gesundheit 
(2009a): Verteilung der Bevölkerung auf Body-Mass-Index-Gruppen in. 

HSU, K.J., LEE, H.E., WU, Y.M., LAN, S.J., HUANG, S.T., and YEN, Y.Y. 2014. Masticatory 
factors as predictors of oral health-related quality of life among elderly people in 
Kaohsiung City, Taiwan. Qual Life Res 23, 1395-1405. 

HUGHES, F.J., and MCNAB, R. 2008. Oral malodour--a review. Archives of oral biology 53, 
70002-70005. 

HUMBERT, I.A., and ROBBINS, J. 2008. Dysphagia in the elderly. Physical medicine and 
rehabilitation clinics of North America 19, 853-866, ix-x. 



BIBLIOGRAPHY 

213 
 

HUNG, H.C., COLDITZ, G., and JOSHIPURA, K.J. 2005. The association between tooth loss 
and the self-reported intake of selected CVD-related nutrients and foods among 
US women. Community Dentist. Oral Epidemiol. 33, 167-173. 

IKEBE, K., MATSUDA, K., KAGAWA, R., ENOKI, K., OKADA, T., YOSHIDA, M., and MAEDA, 
Y. 2012. Masticatory performance in older subjects with varying degrees of tooth 
loss. J Dent 40, 71-76. 

IKEBE, K., MORII, K., MATSUDA, K., and NOKUBI, T. 2007. Discrepancy between 
satisfaction with mastication, food acceptability, and masticatory performance in 
older adults. Int J Prosthodont 20, 161-167. 

IMOSCOPI, A., INELMEN, E.M., SERGI, G., MIOTTO, F., and MANZATO, E. 2012. Taste loss 
in the elderly: epidemiology, causes and consequences. Aging Clin Exp Res 24, 
570-579. 

INOMATA, C., IKEBE, K., KAGAWA, R., OKUBO, H., SASAKI, S., OKADA, T., TAKESHITA, H., 
TADA, S., MATSUDA, K., KURUSHIMA, Y., KITAMURA, M., MURAKAMI, S., GONDO, 
Y., KAMIDE, K., MASUI, Y., TAKAHASHI, R., ARAI, Y., and MAEDA, Y. 2014. 
Significance of occlusal force for dietary fibre and vitamin intakes in 
independently living 70-year-old Japanese: from SONIC Study. J Dent 42, 556-564. 

ISHIKAWA, Y., WATANABE, I., HAYAKAWA, I., MINAKUCHI, S., and UCHIDA, T. 2007. 
Evaluations of masticatory performance of complete denture wearers using 
color-changeable chewing gum and other evaluating methods. J Med Dent Sci 54, 
65-70. 

IWASAKI, M., TAYLOR, G.W., MANZ, M.C., YOSHIHARA, A., SATO, M., MURAMATSU, K., 
WATANABE, R., and MIYAZAKI, H. 2014. Oral health status: relationship to 
nutrient and food intake among 80-year-old Japanese adults. Community Dentist. 
Oral Epidemiol. 42, 441-450. 

JOHANSON, C.N., OSTERBERG, T., LERNFELT, B., EKSTROM, J., and BIRKHED, D. 2015. 
Salivary secretion and drug treatment in four 70-year-old Swedish cohorts 
during a period of 30 years. Gerodontology 32, 202-210. 

JOSHIPURA, K.J., WILLETT, W.C., and DOUGLASS, C.W. 1996. The impact of 
edentulousness on food and nutrient intake. The Journal of the American Dental 
Association 127, 459-467. 

KAGAWA, R., IKEBE, K., ENOKI, K., MURAI, S., OKADA, T., MATSUDA, K., and MAEDA, Y. 
2013. Influence of hypertension on pH of saliva in older adults. Oral Dis 19, 525-
529. 

KARLSSON, S., and CARLSSON, G.E. 1990. Characteristics of mandibular masticatory 
movement in young and elderly dentate subjects. J Dent Res 69, 473-476. 

KELLER, H., CHAMBERS, L., NIEZGODA, H., and DUIZER, L. 2012. Issues associated with 
the use of modified texture foods. The journal of nutrition, health & aging 16, 195-
200. 

KIESSWETTER, E., DONINI, L., MIGLIACCIO, S., POGGIOGALLE, E., SULMONT-ROSSÉ, C., 
FEART, C., SUWALSKA, A., WIECZORKOWSKA-TOBIS, K., PAŁYS, W., ŁOJKO, D., 



BIBLIOGRAPHY 

214 
 

SABA, A., SINESIO, F., POLITO, A., MONETA, M., CIARAPICA, D., BRUG, J., and 
VOLKERT, D. in press. Functional determinants of dietary intake in community-
dwelling older adults - a DEDIPAC systematic literature review. Public health 
nutrition. 

KIKUTANI, T., TAMURA, F., NISHIWAKI, K., KODAMA, M., SUDA, M., FUKUI, T., 
TAKAHASHI, N., YOSHIDA, M., AKAGAWA, Y., and KIMURA, M. 2009. Oral motor 
function and masticatory performance in the community-dwelling elderly. 
Odontology 97, 38-42. 

KIM, J.M., STEWART, R., PRINCE, M., KIM, S.W., YANG, S.J., SHIN, I.S., and YOON, J.S. 2007. 
Dental health, nutritional status and recent-onset dementia in a Korean 
community population. International journal of geriatric psychiatry 22, 850-855. 

KIMURA, Y., OGAWA, H., YOSHIHARA, A., YAMAGA, T., TAKIGUCHI, T., WADA, T., 
SAKAMOTO, R., ISHIMOTO, Y., FUKUTOMI, E., CHEN, W., FUJISAWA, M., OKUMIYA, 
K., OTSUKA, K., MIYAZAKI, H., and MATSUBAYASHI, K. 2013. Evaluation of 
chewing ability and its relationship with activities of daily living, depression, 
cognitive status and food intake in the community-dwelling elderly. Geriatrics & 
gerontology international 13, 718-725. 

KOHYAMA, K., and MIOCHE, L. 2004. Chewing behavior observed at different stages of 
mastication for six foods, studies by electromyography and jaw kinetics in young 
and elderly subjects. Journal of Texture Studies 35, 395-414. 

KOHYAMA, K., MIOCHE, L., and BOURDIOL, P. 2003. Influence of age and dental status on 
chewing behaviour studied by EMG recordings during consumption of various 
food samples. Gerodontology 20, 15-23. 

LAGERLOF, F., and OLIVEBY, A. 1994. Caries-protective factors in saliva. Adv Dent Res 8, 
229-238. 

LAMBERT, C., and MÉNAGE, A.-L. 2013. La presbyphagie : le vieillissement de la 
déglutition : plainte et vécu des personnes concernées. Sciences cognitives 
<dumas-00868599>. 

LANGAN, M.J., and YEARICK, E.S. 1976. The effects of improved oral hygiene on taste 
perception and nutrition of the elderly. J Gerontol 31, 413-418. 

LEAKE, J.L., HAWKINS, R., and LOCKER, D. 1994. Social and functional impact of reduced 
posterior dental units in older adults. Journal of oral rehabilitation 21, 1-10. 

LEE, J.S., WEYANT, R.J., CORBY, P., KRITCHEVSKY, S.B., HARRIS, T.B., ROOKS, R., RUBIN, 
S.M., and NEWMAN, A.B. 2004. Edentulism and nutritional status in a biracial 
sample of well-functioning, community-dwelling elderly: the health, aging, and 
body composition study. Am J Clin Nutr 79, 295-302. 

LENANDER-LUMIKARI, M., and LOIMARANTA, V. 2000. Saliva and dental caries. Adv 
Dent Res 14, 40-47. 

LESOURD, B. 2006. Dysphagia in the elderly. Acta Endoscopica 36, 623-638. 



BIBLIOGRAPHY 

215 
 

LEVKOFF, S.E., CLEARY, P.D., and WETLE, T. 1987. Differences in the Appraisal of Health 
Between Aged and Middle-aged Adults. Journal of gerontology 42, 114-120. 

LORET, C. 2015. Using sensory properties of food to trigger swallowing: a review. Crit 
Rev Food Sci Nutr 55, 140-145. 

MANLY, R.S., PFAFFMAN, C., LATHROP, D.D., and KEYSER, J. 1952. Oral sensory 
thresholds of persons with natural and artificial dentitions. J Dent Res 31, 305-
312. 

MARCENES, W., STEELE, J.G., SHEIHAM, A., and WALLS, A.W. 2003. The relationship 
between dental status, food selection, nutrient intake, nutritional status, and 
body mass index in older people. Cadernos de Saude Publica 19, 809-816. 

MARSHALL, T.A., WARREN, J.J., HAND, J.S., XIE, X.-J., and STUMBO, P.J. 2002. Oral health, 
nutrient intake and dietary quality in the very old. The Journal of the American 
Dental Association 133, 1369-1379. 

MCFALL, W.T., JR. 1982. Tooth loss in 100 treated patients with periodontal disease. A 
long-term study. J Periodontol 53, 539-549. 

MICHEELIS, W., and SCHIFFNER, U. 2006. Fourth German oral health study (DMS IV). 
Institut der Deutschen Zahnärzte (IDZ, Materialienreihe Band 31). 

MIOCHE, L. 2004. Mastication and food texture perception: Variation with age. Journal of 
Texture Studies 35, 145-158. 

MIOCHE, L., BOURDIOL, P., MONIER, S., and MARTIN, J.F. 2002. The relationship between 
chewing activity and food bolus properties obtained from different meat textures. 
Food Quality and Preference 13, 583-588. 

MIOCHE, L., BOURDIOL, P., and PEYRON, M.A. 2004. Influence of age on mastication: 
effects on eating behaviour. Nutrition Research Reviews 17, 43-54. 

MISHELLANY-DUTOUR, A., RENAUD, J., PEYRON, M.A., RIMEK, F., and WODA, A. 2008. Is 
the goal of mastication reached in young dentates, aged dentates and aged 
denture wearers? Br J Nutr 99, 121-128. 

MUÑOZ-GONZÁLEZ, C., VANDENBERGHE-DESCAMPS, M., FERON, G., CANON, F., 
LABOURÉ, H., and SULMONT-ROSSÉ, C. 2017. Association between salivary 
hypofunction and food consumption in the elderlies. A systematic literature 
review. The journal of nutrition, health & aging. 

MURPHY, C., SCHUBERT, C.R., CRUICKSHANKS, K.J., KLEIN, B.E., KLEIN, R., and 
NONDAHL, D.M. 2002. Prevalence of olfactory impairment in older adults. JAMA 
288, 2307-2312. 

NALCACI, R., and BARAN, I. 2008. Factors associated with self-reported halitosis (SRH) 
and perceived taste disturbance (PTD) in elderly. Arch Gerontol Geriatr 46, 307-
316. 



BIBLIOGRAPHY 

216 
 

ÖSTERBERG, T., and STEEN, B. 1982. Relationship between dental state and dietary 
intake in 70-year-old males and females in Göteborg, Sweden: a population 
study*. Journal of oral rehabilitation 9, 509-521. 

ÖSTERBERG, T., TSUGA, K., ROTHENBERG, E., CARLSSON, G.E., and STEEN, B. 2002. 
Masticatory ability in 80-year-old subjects and its relation to intake of energy, 
nutrients and food items. Gerodontology 19, 95-101. 

PAILLAUD, E., MERLIER, I., DUPEYRON, C., SCHERMAN, E., POUPON, J., and BORIES, P.N. 
2004. Oral candidiasis and nutritional deficiencies in elderly hospitalised 
patients. Br J Nutr 92, 861-867. 

PEDERSEN, A.M., BARDOW, A., JENSEN, S.B., and NAUNTOFTE, B. 2002. Saliva and 
gastrointestinal functions of taste, mastication, swallowing and digestion. Oral 
Dis 8, 117-129. 

PEYRON, M.A., BLANC, O., LUND, J.P., and WODA, A. 2004. Influence of age on 
adaptability of human mastication. Journal of Neurophysiology 92, 773-779. 

PFEIFER, M.A., WEINBERG, C.R., COOK, D., BEST, J.D., REENAN, A., and HALTER, J.B. 
1983. Differential changes of autonomic nervous system function with age in 
man. The American Journal of Medicine 75, 249-258. 

PRINZ, J.F., and LUCAS, P.W. 1997. An optimization model for mastication and 
swallowing in mammals. Proc Biol Sci 264, 1715-1721. 

RAWSON, N.E. 2006. Olfactory Loss in Aging. Sci. Aging Knowl. Environ. 2006, pe6-. 

REN, J., SHAKER, R., KUSANO, M., PODVRSAN, B., METWALLY, N., DUA, K.S., and SUI, Z. 
1995. Effect of aging on the secondary esophageal peristalsis: presbyesophagus 
revisited. Am J Physiol 268, G772-779. 

ROBBINS, J., HAMILTON, J.W., LOF, G.L., and KEMPSTER, G.B. 1992. Oropharyngeal 
swallowing in normal adults of different ages. Gastroenterology 103, 823-829. 

ROFES, L., ARREOLA, V., ALMIRALL, J., CABRE, M., CAMPINS, L., GARCIA-PERIS, P., 
SPEYER, R., and CLAVE, P. 2011. Diagnosis and management of oropharyngeal 
Dysphagia and its nutritional and respiratory complications in the elderly. 
Gastroenterology research and practice 2011. 

SAHYOUN, N.R., LIN, C.L., and KRALL, E. 2003. Nutritional status of the older adult is 
associated with dentition status. J Am Diet Assoc 103, 61-66. 

SALT, W.B., and SCHENKER, S. 1976. Amylase--its clinical significance: a review of the 
literature. Medicine 55, 269-289. 

SATO, S., FUEKI, K., SATO, H., SUEDA, S., SHIOZAKI, T., KATO, M., and OHYAMA, T. 2003. 
Validity and reliability of a newly developed method for evaluating masticatory 
function using discriminant analysis. Journal of oral rehabilitation 30, 146-151. 

SAVOCA, M.R., ARCURY, T.A., LENG, X., CHEN, H., BELL, R.A., ANDERSON, A.M., 
KOHRMAN, T., FRAZIER, R.J., GILBERT, G.H., and QUANDT, S.A. 2010. Severe tooth 



BIBLIOGRAPHY 

217 
 

loss in older adults as a key indicator of compromised dietary quality. Public 
health nutrition 13, 466-474. 

SCHIFFMAN, S.S. 1991. Drugs influencing taste and smell perception. In Smell and taste 

in health and disease. T.V. Getchell, R.L. Doty, L.M. Bartoshuk, and J.B. Snow, eds. 
Raven Press, New York pp. 845-850. 

SCHINDLER, J.S., and KELLY, J.H. 2002. Swallowing Disorders in the Elderly. The 
Laryngoscope 112, 589–602. 

SERRA-PRAT, M., PALOMERA, M., GOMEZ, C., SAR-SHALOM, D., SAIZ, A., MONTOYA, J.G., 
NAVAJAS, M., PALOMERA, E., and CLAVE, P. 2012. Oropharyngeal dysphagia as a 
risk factor for malnutrition and lower respiratory tract infection in 
independently living older persons: a population-based prospective study. Age 
Ageing 41, 376-381. 

SHAKER, R., and LANG, I.M. 1994. Effect of aging on the deglutitive oral, pharyngeal, and 
esophageal motor function. Dysphagia 9, 221-228. 

SHEIHAM, A., and STEELE, J. 2001. Does the condition of the mouth and teeth affect the 
ability to eat certain foods, nutrient and dietary intake and nutritional status 
amongst older people? Public health nutrition 4, 797-803. 

SHIP, J.A. 1992. Oral health of patients with Alzheimer's disease. J Am Dent Assoc 123, 
53-58. 

SHIP, J.A., DECARLI, C., FRIEDLAND, R.P., and BAUM, B.J. 1990. Diminished 
submandibular salivary flow in dementia of the Alzheimer type. J Gerontol 45, 
M61-66. 

SHIP, J.A., and PUCKETT, S.A. 1994. Longitudinal study on oral health in subjects with 
Alzheimer's disease. J Am Geriatr Soc 42, 57-63. 

SILVA, A.E., DEMARCO, F.F., and FELDENS, C.A. 2015. Oral health-related quality of life 
and associated factors in Southern Brazilian elderly. Gerodontology 32, 35-45. 

SLADE, G.D., and SPENCER, A.J. 1994. Development and evaluation of the Oral Health 
Impact Profile. Community Dent Health 11, 3-11. 

SMITH, J.M., and SHEIHAM, A. 1979. How dental conditions handicap the elderly. 
Community Dent Oral Epidemiol 7, 305-310. 

SOLEMDAL, K., SANDVIK, L., WILLUMSEN, T., MOWE, M., and HUMMEL, T. 2012. The 
impact of oral health on taste ability in acutely hospitalized elderly. PLoS One 7, 3. 

SRINIVASULU, G., FAREED, N., SUDHIR, K.M., and KRISHNA KUMAR, R.V. 2014. 
Relationship between stimulated salivary factors, dental caries status and 
nutritional condition among institutionalized elderly people. Oral Health Dent 
Manag 13, 49-53. 

STEELE, J.G., AYATOLLAHI, S.M., WALLS, A.W., and MURRAY, J.J. 1997. Clinical factors 
related to reported satisfaction with oral function amongst dentate older adults 
in England. Community Dent Oral Epidemiol 25, 143-149. 



BIBLIOGRAPHY 

218 
 

STEVENS, D.A., and LAWLESS, H.T. 1981. Age-related changes in flavor perception. 
Appetite 2, 127-136. 

STEVENS, J.C., and CAIN, W.S. 1993. Changes in taste and flavor in aging. Critical Reviews 
in Food Science and Nutrition 33, 27-37. 

SURA, L., MADHAVAN, A., CARNABY, G., and CRARY, M.A. 2012. Dysphagia in the elderly: 
management and nutritional considerations. Clinical interventions in aging 7, 
287-298. 

TADA, A., and MIURA, H. 2014. Systematic review of the association of mastication with 
food and nutrient intake in the independent elderly. Arch Gerontol Geriatr 59, 
497-505. 

TAKATA, Y., ANSAI, T., SOH, I., AKIFUSA, S., SONOKI, K., FUJISAWA, K., YOSHIDA, A., 
KAGIYAMA, S., HAMASAKI, T., NAKAMICHI, I., AWANO, S., TORISU, T., and 
TAKEHARA, T. 2008. Relationship between chewing ability and high-level 
functional capacity in an 80-year-old population in Japan. Gerodontology 25, 147-
154. 

THOMSON, W.M. 2015. Dry mouth and older people. Aust Dent J 1, 54-63. 

TRACY, J.F., LOGEMANN, J.A., KAHRILAS, P.J., JACOB, P., KOBARA, M., and KRUGLER, C. 
1989. Preliminary observations on the effects of age on oropharyngeal 
deglutition. Dysphagia 4, 90-94. 

TRULSSON, M. 2006. Sensory-motor function of human periodontal mechanoreceptors. 
Journal of oral rehabilitation 33, 262-273. 

TRULSSON, M., and JOHANSSON, R.S. 1996. Encoding or tooth loads bu human 
periodontal afferents and their role in jaw motor control. Progress in 
Neurobiology 49, 267-284. 

TSAI, A.C., and CHANG, T.L. 2011. Association of dental prosthetic condition with food 
consumption and the risk of malnutrition and follow-up 4-year mortality risk in 
elderly Taiwanese. J Nutr Health Aging 15, 265-270. 

TSUGA, K., CARLSSON, G.E., OSTERBERG, T., and KARLSSON, S. 1998. Self-assessed 
masticatory ability in relation to maximal bite force and dental state in 80-year-
old subjects. Journal of oral rehabilitation 25, 117-124. 

TUBERT-JEANNIN, S., RIORDAN, P.J., MOREL-PAPERNOT, A., PORCHERAY, S., and SABY-
COLLET, S. 2003. Validation of an oral health quality of life index (GOHAI) in 
France. Community Dent Oral Epidemiol 31, 275-284. 

VANDENBERGHE-DESCAMPS, M., LABOURÉ, H., PROT, A., SEPTIER, C., TOURNIER, C., 
FERON, G., and SULMONT-ROSSÉ, C. 2016. Salivary Flow Decreases in Healthy 
Elderly People Independently of Dental Status and Drug Intake. Journal of 
Texture Studies 47, 353-360. 

VEYRUNE, J.L., and MIOCHE, L. 2000. Complete denture wearers: electromyography of 
mastication and texture perception whilst eating meat. Eur J Oral Sci 108, 83-92. 



BIBLIOGRAPHY 

219 
 

WADE, W.G. 2013. The oral microbiome in health and disease. Pharmacological Research 
69, 137-143. 

WAYLER, A.H., and CHAUNCEY, H.H. 1983. Impact of complete dentures and impaired 
natural dentition on masticatory performance and food choice in healthy aging 
men. J Prosthet Dent 49, 427-433. 

WODA, A., NICOLAS, E., MISHELLANY-DUTOUR, A., HENNEQUIN, M., MAZILLE, M.N., 
VEYRUNE, J.L., and PEYRON, M.A. 2010. The masticatory normative indicator. J 
Dent Res 89, 281-285. 

WOOD, W.W. 1987. A review of masticatory muscle function. The Journal of Prosthetic 
Dentistry 57, 222-232. 

WRIGHT, L., COTTER, D., HICKSON, M., and FROST, G. 2005. Comparison of energy and 
protein intakes of older people consuming a texture modified diet with a normal 
hospital diet. Journal of Human Nutrition and Dietetics 18, 213-219. 

YOSHIHARA, A., WATANABE, R., NISHIMUTA, M., HANADA, N., and MIYAZAKI, H. 2005. 
The relationship between dietary intake and the number of teeth in elderly 
Japanese subjects. Gerodontology 22, 211-218. 

 

 


